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ABSTRACT
T h is  t h e s i s  docum ents  a  t im e s h a r in g  o p e r a t i n g  s y s te m  f o r  t h e  
M ic r o d a ta  32 /S  w hich  s u p p o r t s  two t e r m i n a l  u s e r s .  The o p e r a t i n g  sy s tem  
s u p p o r t s  m u l t i p l e  com m unica ting  p r o c e s s e s  and  p r o v id e s  f o r  t h e  
management o f  memory. The m a jo r  com ponents  o f  t h e  p r e v i o u s  s i n g l e - u s e r  
sy s te m  h a v e  b e e n  m o d i f ie d  t o  be  c o m p a t ib l e  w i th  t h e  new e n v i ro n m e n t .
Sem aphores a r e  u s e d  t o  im p lem en t  c r i t i c a l  s e c t i o n s  and  t o  s i g n a l  
p r o c e s s e s .  More e l a b o r a t e  m essage  h a n d l i n g  r o u t i n e s  e x i s t  t o  p e r m i t  
co m m u n ica t io n  b e tw e e n  p r o c e s s e s .  Each p r o c e s s  h a s  i t s  own m essage  queue  
f o r  r e c e i v i n g  m essa g e s  from  o t h e r  p r o c e s s e s .
P rogram  segm en ts  and s t a c k s  a r e  swapped from  m ain  memory t o  th e  
d i s k  when a p r o c e s s  makes a m ain  memory r e q u e s t  w hich  c a n n o t  be 
s a t i s f i e d .  They a r e  swapped b a c k  i n t o  m ain  memory o n ly  when th e y  a r e  
n e e d e d .  No a t t e m p t  i s  made t o  swap c o n t r o l  b l o c k s ,  sy s te m  q u e u e s ,  o r  
b u f f e r s .
THE DEVELOPMENT OF AN OPERATING SYSTEM 
FOR THE MICRODATA 32 /S
INTRODUCTION
The M ic r o d a ta  32 /S  i s  a m icroprogram m ed m in ic o m p u te r .  The c u r r e n t  
sy s te m  s o f tw a r e  c o n s i s t s  o f  a c o m p i le r ,  a command i n t e r p r e t e r  to  ru n  
p rog ram s s e q u e n t i a l l y ,  a  m odule  t o  f a c i l i t a t e  t r a n s f e r s  o f  d a t a  t o  and 
from  th e  d i s k ,  f i l e  management r o u t i n e s ,  and a c o l l e c t i o n  o f  
m i s c e l l a n e o u s  sy s tem  r o u t i n e s ,  such  as  t e r m in a l  i n p u t / o u t p u t .
My g o a l  was to  im plem ent a m in ic o m p u te r  t im e s h a r in g  sy s te m  which
w i l l  s u p p o r t  two t e r m i n a l s .  T h is  i n v o lv e d  b u i l d i n g  upon t h e  c u r r e n t
sy s te m  and a d d in g  new m odules  to  s u p p o r t  memory management and p r o c e s s  
c o n t r o l ,  s y n c h r o n i z a t i o n ,  and c o m m u n ica t io n .
I  have  b e e n  s u c c e s s f u l  i n  d e v e lo p in g  a t i m e s h a r in g  sy s te m  to  ru n  
u s e r  p ro g ra m s .  The p u rp o s e  o f  t h i s  t h e s i s  i s  to  document t h a t  sy s te m . 
I n i t i a l i z a t i o n  o f  t h e  new o p e r a t i n g  s y s te m  c r e a t e s  and s t a r t s  
i n p u t / o u t p u t  d r i v e r s  f o r  t h e  d i s k  and t h e  two t e r m i n a l s ,  a s  w e l l  a s  a 
lo g o n  p r o c e s s  f o r  each  t e r m i n a l .  A f t e r  a u s e r  e n t e r s  h i s  u s e r i d  and 
p a s sw o rd ,  a command i n t e r p r e t e r  i s  c r e a t e d  and s t a r t e d  f o r  h i s  t e r m i n a l .  
P rogram  segm en ts  and s t a c k s  a r e  swapped from m ain  memiory to  t h e  d i s k  and 
b a c k  a g a in  as  n e c e s s a r y .
T h is  s y s te m  l a c k s  a number o f  h e l p f u l  f e a t u r e s  t h a t  a r e  n o t
e s s e n t i a l  to  i t s  u t i l i z a t i o n .  T h is  i n c l u d e s  ch eck s  f o r  s t a c k  o v e r f lo w ,
th e  u s e  o f  s u p e r v i s o r  c a l l s ,  and an  i n p u t / o u t p u t  sy s te m  t h a t  i s  
e a s i e r  to  u s e .  S u g g e s t io n s  f o r  f e a t u r e s  t o  be  im p lem en ted  i n  f u t u r e  
v e r s i o n s  o f  t h e  o p e r a t i n g  sy s te m  a r e  c o n ta i n e d  i n  t h e  f i n a l  c h a p t e r .
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I .  THE MICRODATA 32 /S
The M ic r o d a ta  32 /S  i s  a 1 6 - b i t  g e n e r a l  p u rp o s e  m in ic o m p u te r  w i t h  a 
push-dow n s t a c k  a r c h i t e c t u r e .  A common a s y c h ro n o u s  b u s ,  c a l l e d  th e  
m onobus, i s  u s e d  to  a c c e s s  t h e  m ain  memory, t h e  c o n t r o l  s t o r e ,  and t h e  
I /O  d e v ic e  c o n t r o l l e r s .  The p r i n c i p a l  d a t a  s t r u c t u r e s  o f  a p r o c e s s  
r u n n in g  on t h i s  m ach ine  a r e  p ro g ram  s e g m e n ts — w hich  c o n t a i n  t h e  m ach ine  
i n s t r u c t i o n s  to  b e  e x e c u te d ,  and s t a c k s — w hich  c o n t a i n  t h e  d a t a  f o r  th e  
p r o c e s s .
P rogram  Segm ents and A s s o c i a t e d  D a ta  S t r u c t u r e s
P rogram s may c o n s i s t  o f  one o r  more p rog ram  s e g m e n ts .  Each p rog ram  
segm ent w hich  i s  to  be  u se d  m ust have  an  e n t r y  i n  t h e  p rog ram  l i b r a r y .  
The p ro g ra m  l i b r a r y  i s  a s s i g n e d  a f i x e d  l o c a t i o n  i n  m ain  memory. I t  
c o n t a i n s  s p a c e  f o r  a maximum o f  256 e n t r i e s .  Each e n t r y  c o n s i s t s  o f  a 
d o u b le  w ord . The p ro g ram  b a s e  i s  found  i n  t h e  f i r s t  word o f  a p rog ram  
l i b r a r y  e n t r y .  The second  word o f  a p rog ram  l i b r a r y  e n t r y  c o n t a i n s  th e  
m ost s i g n i f i c a n t  f o u r t e e n  b i t s  o f  t h e  p rog ram  l e n g t h .  The l e a s t  
s i g n i f i c a n t  two b i t s  a r e  a lw ay s  z e r o .  The re m a in in g  two b i t s  i n  th e  
se co n d  word a r e  t h e  a t t e n t i o n  b i t  and t h e  t r a c e  b i t .  The t r a c e  b i t  i s  
b i t  z e r o . l  I f  t h i s  b i t  i s  t u r n e d  on t h e n  a t r a c e  i n t e r r u p t  w i l l  be  
g e n e r a t e d  each  t im e  a m ach ine  i n s t r u c t i o n  w i t h i n  t h i s  p rog ram  segm ent
^The b i t  num bering  scheme i s  a s  f o l l o w s :  t h e  l e a s t  s i g n i f i c a n t  
b i t  i n  a word i s  numbered b i t  z e r o ;  t h e  m ost s i g n i f i c a n t  b i t  i n  a word 
i s  numbered b i t  f i f t e e n .
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4has  b e e n  e x e c u t e d .  The a t t e n t i o n  b i t  i s  b i t  o ne .  I f  t h i s  b i t  i s  t u r n e d  
on th e n  an a t t e n t i o n  i n t e r r u p t  w i l l  b e  g e n e r a te d  w henever  t h e r e  i s  a 
c a l l  o r  a r e t u r n  to  t h i s  p rog ram  segm en t.
P rogram  segm en ts  w hich a r e  to  b e  r e f e r e n c e d  by p r o c e d u r e s  from 
o u t s i d e  t h a t  segm ent m ust have  a p rog ram  r e f e r e n c e  t a b l e  f o l l o w in g  th e  
p r o c e d u r e  s e c t i o n  o f  t h e  segm en t .  T h is  t a b l e  may c o n t a i n  up to  256 
e n t r y  a d d r e s s e s  o f  p r o c e d u r e s  w i t h i n  t h i s  seg m en t .  The a d d r e s s  i n  t h e  
t a b l e  i s  t h e  o f f s e t  from  th e  s t a r t  o f  t h e  segm ent f o r  t h e  c o r r e s p o n d in g  
e n t r y  p o i n t .
S t a c k s  and A s s o c i a t e d  R e g i s t e r s
Push-down s t a c k s  a r e  u se d  to  h o ld  t h e  d a t a  n eed ed  by a p r o c e s s .  A 
s t a c k  d e s c r i p t o r ,  w hich  i s  a lw ays  a d o u b le  word, c o n t a i n s  t h e  b a s e  and 
l e n g t h  o f  a s t a c k .  The s t a c k  p o i n t e r  and th e  e n v i r o n m e n ta l  p o i n t e r  a r e  
a l s o  e s s e n t i a l  to  t h e  o p e r a t i o n  o f  a s t a c k .  The s t a c k  p o i n t e r  c o n t a i n s  
t h e  a d d r e s s  o f  t h e  to p  o f  t h e  s t a c k  i n  m ain  memory. The e n v i r o n m e n ta l  
p o i n t e r  c o n t a i n s  t h e  a d d re s s  o f  t h e  m ost  r e c e n t  mark on t h e  s t a c k .
Marks a r e  u se d  to  s e p a r a t e  d i f f e r e n t  e n v iro n m e n ts  on th e  s t a c k .  
"They c o n t a i n  t h e  i n f o r m a t i o n  r e q u i r e d  to  r e s t o r e  t h e  d a t a  s t a c k  and 
p rog ram  segm ent e n v iro n m e n t  o f  t h e  b lo c k  p r e v i o u s l y  b e in g  e x e c u te d ,  and 
th e  i n f o r m a t i o n  needed  to  a c c e s s  d a t a  l o c a l  t o  an  o u t e r  b l o c k . "2 T here  
a r e  t h r e e  ty p e s  o f  m ark s :  p r o c e d u r e  m ark , b e g in  b l o c k  m ark , and 
i n t e r r u p t  m ark . A l l  m arks c o n s i s t  o f  f o u r  w o rd s .  I n f o r m a t io n  c o n ta i n e d  
i n  t h e  m arks i n c l u d e s  s t a t i c  l i n k ,  dynamic l i n k ,  p rog ram  p o i n t e r ,  
i n t e r r u p t  m ask, and v a r i o u s  f l a g  b i t s .  (See t h e  r e f e r e n c e  m anual f o r
^ M ic ro d a ta  C o r p o r a t i o n ,  "D a ta  S ta c k  M ark", 32 /S  Computer R e f e re n c e  
M an u a l , t o p i c  2 .7  ( 1 9 7 6 ) .
5more d e t a i l s . )  A l l  m a n i p u l a t i o n  o f  t h e  m arks i s  done by t h e  h a rd w a re  
and t h e  f i rm w a re ,  f r e e i n g  th e  program m er from t h a t  r e s p o n s i b i l i t y .
I n t e r r u p t  A r c h i t e c t u r e
T h ere  a r e  two ty p e s  o f  i n t e r r u p t s  on th e  M ic ro d a ta  3 2 /S .  I n t e r n a l  
i n t e r r u p t s  r e s u l t  from  e x e c u t in g  c e r t a i n  m ach ine  i n s t r u c t i o n s  w h i l e  
e x t e r n a l  i n t e r r u p t s  r e s u l t  from  e v e n t s  o t h e r  t h a n  i n s t r u c t i o n  e x e c u t i o n .  
"Each ty p e  o f  i n t e r n a l  and e x t e r n a l  i n t e r r u p t  has  a u n iq u e  i n t e r r u p t  
v e c t o r  number w hich s p e c i f i e s  t h e  i n t e r r u p t  v e c t o r  t a b l e  e n t r y  to  be  
u se d  i n  p r o c e s s i n g  i t . " ^  T a b le  1 shows th e  i n t e r r u p t s  e n a b le d  by th e  
sy s te m .
A d d r e s s in g
A d d r e s s in g  w i t h i n  a p ro g ra m  segm ent o r  a s t a c k  i s  r e l a t i v e  to  th e  
b a s e  o f  t h a t  segm ent o r  s t a c k .  The b a s e s  o f  t h e  c u r r e n t l y  a c t i v e  
p ro g ra m  segm ent and th e  c u r r e n t l y  a c t i v e  s t a c k  a r e  l o c a t e d  i n  h a rd w a re  
r e g i s t e r s .
The o t h e r  ty p e  o f  a d d r e s s i n g  p o s s i b l e  i s  b a s e d  a d d r e s s i n g .  T h is  i s  
a  form  o f  a b s o l u t e  a d d r e s s i n g .  The l e a s t  s i g n i f i c a n t  two b i t s  o f  a 
b a s e d  a d d r e s s  a r e  n o t  s p e c i f i e d .  They m ust a lw ays  b e  z e r o .  T h is  
p e r m i t s  an e i g h t e e n  b i t  a d d r e s s  to  be  c o n ta i n e d  i n  one w ord . A l l  
r e f e r e n c e s  to  a p ro g ram  b a s e  o r  a s t a c k  b a s e  w i l l  assum e b a s e d  
a d d r e s s i n g ,  w i t h  o n ly  s i x t e e n  b i t s  u s e d  to  r e p r e s e n t  an e i g h t e e n  b i t  
a d d r e s s .
^ M ic ro d a ta  C o r p o r a t i o n ,  " I n t e r r u p t  D e f i n i t i o n s " ,  32 /S  Computer 

















Type o f  E x t e r n a l  S ta c k
I n t e r r u p t  I n t e r r u p t s
T ra ce e n a b le d u s e r
O p e r a to r e n a b le d u s e r
T im er O verflow d i s a b l e d i n t e r r u p t
S u p e r v i s o r  C a l l e n a b le d u s e r
Mark P rogram  Com plete e n a b le d u s e r
Unim plem ented I n s t r u c t i o n e n a b le d u s e r
T rap e n a b le d u s e r
A t t e n t i o n e n a b le d u s e r
U ser  P rogram  V i o l a t i o n e n a b le d u s e r
Maximum D ev ice  Number Exceeded e n a b le d u s e r
TTY I n p u t d i s a b l e d u s e r
TTY O u tp u t d i s a b l e d u s e r
CRT Inpu  t d i s a b l e d u s e r
CRT O u tp u t d i s a b l e d u s e r
D isk d i s a b l e d u s e r
7Resume I n s t r u c t i o n
The resum e i n s t r u c t i o n  i s  v e r y  im p o r ta n t  i n  a m u lt ip ro g ra m m in g  
sy s te m . T h is  m ach ine  i n s t r u c t i o n  c a u s e s  c o n t r o l  o f  t h e  c e n t r a l  
p r o c e s s i n g  u n i t  to  p a s s  from  one p r o c e s s  to  a n o t h e r .  B e fo re  t h e  resum e 
i n s t r u c t i o n  i s  e x e c u te d ,  a p o i n t e r  t o  t h e  s t a c k  d e s c r i p t o r  o f  t h e  new 
p r o c e s s  m ust be  p l a c e d  on to p  o f  t h e  o ld  s t a c k .  T h is  p o i n t e r  i s  popped 
o f f  t h e  o ld  s t a c k ,  and a mark i s  p l a c e d  on top  o f  t h e  s t a c k .  Once th e  
new s t a c k  i s  found u s in g  th e  s t a c k  d e s c r i p t o r ,  a l l  o f  t h e  im p o r ta n t  
r e g i s t e r s  a r e  u p d a te d  to  r e f l e c t  t h e  new p r o c e s s .  T h is  i n c l u d e s  t h e  
p ro g ram  b a s e  r e g i s t e r ,  t h e  s t a c k  b a s e  r e g i s t e r ,  and t h e  p ro g ram  p o i n t e r .  
The e n t i r e  r o u t i n e  o f  s w i tc h in g  from  one p r o c e s s  to  a n o th e r  i s  
im p lem en ted  i n  f i rm w a re .
I I .  MULTIPROGRAMMING
The new o p e r a t i n g  sy s te m  h a s  b e e n  d e s ig n e d  a ro u n d  th e  c o n c e p t  o f  
m u l t ip ro g ra m m in g .  The sy s tem  c o n s i s t s  o f  a number o f  p r o c e s s e s  s h a r i n g  
th e  same c e n t r a l  p r o c e s s o r .  Only one p r o c e s s  can  be  u s in g  th e  p r o c e s s o r  
a t  a t im e .  T h is  p r o c e s s  i s  s a i d  t o  be  i n  t h e  r u n n in g  s t a t e  and i s  
c a l l e d  t h e  r u n n e r .  As shown i n  t h e  f o l l o w in g  d ia g ra m , t h e r e  a r e  a 
number o f  d i s t i n c t  s t a t e s  f o r  p r o c e s s e s .  However, each  p r o c e s s  c an  






9Each p r o c e s s  has  an e n t r y  i n  t h e  p r o c e s s  t a b l e .  A l l  e n t r i e s  in  
t h i s  t a b l e  a r e  d o u b le  w o rd s .  The f i r s t  word i s  t h e  u n iq u e  p r o c e s s  name 
and t h e  se co n d  word i s  t h e  b a s e  o f  t h e  p r o c e s s  c o n t r o l  b l o c k .  The 
p r o c e s s  c o n t r o l  b lo c k  i s  an a r r a y  o f  s e v e n te e n  words t h a t  c o n t a i n s  a l l  
t h e  i m p o r ta n t  i n f o r m a t i o n  d e f i n i n g  a p r o c e s s ,  i n c l u d i n g  i t s  s t a c k  
d e s c r i p t o r .  Each a c t i v e  and i n a c t i v e  p r o c e s s  h a s  i t s  own p r o c e s s  
c o n t r o l  b l o c k .  T a b le  2 shows t h e  s t r u c t u r e  o f  a  p r o c e s s  c o n t r o l  b l o c k .
A p r o c e s s  t h a t  i s  n o t  ru n n in g  i s  k e p t  on a q u eu e .  A l l  queues  u sed  
i n  t h i s  o p e r a t i n g  sy s te m  have  a d o u b le  word h e a d e r .  The f i r s t  word 
p o i n t s  to  t h e  f r o n t  o f  t h e  queue and th e  second  word p o i n t s  to  t h e  r e a r  
o f  t h e  q u e u e .  T h is  f a c i l i t a t e s  a d d in g  and rem oving  i te m s  from  th e  
qu eu e .  Each i t e m  on t h e  queue h a s  a  l i n k  f i e l d  o f  one word w hich p o i n t s  
to  t h e  n e x t  i te m  on t h e  q u e u e .  The l i n k  f i e l d  o f  t h e  l a s t  i te m  on th e  
queue i s  a lw ay s  s e t  to  z e r o .  The f i r s t  word o f  a p r o c e s s  c o n t r o l  b lo c k  
i s  r e s e r v e d  f o r  t h e  queue  l i n k  f i e l d .
A l l  p r o c e s s e s  t h a t  a r e  i n  t h e  r e a d y  s t a t e  a r e  found on th e  r e a d y  
l i s t .  The rea d y  l i s t  a c t u a l l y  c o n s i s t s  o f  s i x t e e n  s e p a r a t e  q u e u e s ,  one 
f o r  each  p r i o r i t y .  The su sp en d e d  l i s t  i s  a queue  t h a t  h o ld s  p r o c e s s e s  
t h a t  have  b e e n  s to p p e d  b u t  n o t  k i l l e d .  I t  i s  p o s s i b l e  f o r  some s to p p e d  
p r o c e s s e s  to  b e  on th e  r e a d y  l i s t .  The s to p  b i t ,  l o c a t e d  i n  t h e  p r o c e s s  
c o n t r o l  b l o c k ,  i s  u s e d  to  i n d i c a t e  w hich  p r o c e s s e s  a r e  s to p p e d .
The s c h e d u l e r  i s  r e s p o n s i b l e  f o r  d e c id i n g  w hich  p r o c e s s  w i l l  be  
a l lo w e d  to  e x e c u t e .  The s c h e d u l e r  s e a r c h e s  t h e  r e a d y  l i s t  i n  p r i o r i t y  
o r d e r  f o r  a  p r o c e s s  t h a t  i s  n o t  s to p p e d .  Once a r e a d y  p r o c e s s  i s  fo u n d ,  
t h e  s t a c k  p r e s e n c e  b i t  i n  i t s  p r o c e s s  c o n t r o l  b l o c k  i s  checked  t o  s e e  i f  
th e  s t a c k  i s  i n  m ain  memory. I f  t h e  s t a c k  i s  n o t  p r e s e n t ,  t h e  s c h e d u l e r  





























B i t s  C o n te n t
Queue L in k  
C h i l d r e n  
S i b l i n g  L in k  
P a r e n t
Semaphore P o i n t e r  ( f o r  b lo c k e d  p r o c e s s )
0 S topped  (new p r o c e s s  o r  e x p l i c i t l y  s to p p e d )
1 U sing  TTY as  T e rm in a l
4 -  7 P r i o r i t y  o f  P r o c e s s
8-15  PLIB# o f  Main P rogram
S ta c k  Base
S ta c k  L eng th
Time L e f t
Time Quantum
M essage Queue ( f r o n t )
M essage Queue (b a c k )
0 -  7 P r o c e s s  Number ( i n d e x  i n  p r o c t a b l e )
8-15 S top  Code
U s e r id
C u r r e n t  D i r e c t o r y
0 S ta c k  B eing  Swapped I n
1 S ta c k  P r e s e n c e  B i t
2 S ta c k  A t t e n t i o n  B i t
3 S ta c k  Lock B i t
T e rm in a l  I /O  Count
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m ain  memory. O th e rw is e ,  t h e  s c h e d u l e r  w i l l  p r e p a r e  t o  t r a n s f e r  t h e  
p r o c e s s  from  t h e  r e a d y  s t a t e  to  t h e  r u n n in g  s t a t e .  The s t a c k  d e s c r i p t o r  
i s  o b t a i n e d  from  t h e  p r o c e s s  c o n t r o l  b l o c k .  The c lo c k  i s  a d j u s t e d  and 
th e  t im e r  i s  s e t  to  t h e  t im e  l e f t  f o r  t h i s  p r o c e s s  to  r u n .  The new
p r o c e s s  i s  removed from  t h e  r e a d y  l i s t  and made t h e  r u n n e r .  F i n a l l y  t h e
s c h e d u l e r  does  a resum e to  t h e  new p r o c e s s ,  w hich  s t a r t s  i t  e x e c u t in g .
The t im e r  i n t e r r u p t  i s  u s e d  to  e n s u re  t h a t  no p r o c e s s  w i l l
m o n o p o l iz e  t h e  c e n t r a l  p r o c e s s i n g  u n i t  f o r  long  p e r i o d s  o f  t im e .  Each
p r o c e s s  i s  g iv e n  a f i x e d  s i z e  t im e  s l i c e  o r  t im e  quan tum , w hich i s  
d e te rm in e d  by i t s  p r i o r i t y .  T a b le  3 shows th e  r e l a t i o n s h i p  b e tw een  
p r i o r i t y  and t im e  quan tum . Both  a r e  s t o r e d  i n  t h e  p r o c e s s  c o n t r o l  
b l o c k .  The t im e r  i s  i n i t i a l l y  s e t  to  i n t e r r u p t  a t  t h e  end o f  t h i s  t im e  
quan tum . I f  t h e  p r o c e s s  b lo c k s  b e f o r e  u s in g  a l l  o f  i t s  t im e  quantum , 
t h e  amount o f  t im e  re m a in in g  i s  saved  i n  th e  p r o c e s s  c o n t r o l  b l o c k .
When t h e  p r o c e s s  resum es e x e c u t i o n ,  t h e  t im e r  w i l l  b e  s e t  to  t h e  t im e  
r e m a i n i n g .
The t im e r  i n t e r r u p t  p r o c e d u r e  c h an g es  t h e  s t a t e  o f  t h e  ru n n in g  
p r o c e s s  and u p d a te s  t h e  c l o c k .  I f  t h e  r u n n e r  i s  a  u s e r  p rog ram , i t s  
p r i o r i t y  and t im e  quantum  may a l s o  b e  ch an g ed .  U se r  p rogram s w hich a r e
CPU bound w i l l  t e n d  to  have  lo w er  p r i o r i t y  t h a n  u s e r  p rog ram s w hich  a r e
I /O  bound . The p r i o r i t i e s  o f  sy s te m  p r o c e s s e s  a r e  s t a t i c .
The t i m e r  i n t e r r u p t  p r o c e d u r e  t r a n s f e r s  t h e  r u n n e r  to  t h e  end o f  
t h e  r e a d y  queue  f o r  i t s  new p r i o r i t y .  The t im e  r e m a in in g  f o r  t h e
p r o c e s s  i s  r e s e t  to  t h e  t im e  quan tum . C o n t r o l  i s  r e t u r n e d  to  t h e




P r i o r i t y Time P r o c e s s
15 60 D isk  D r iv e r
14 60 T o s s e r
13 6 S tackS w apIn
12 60 T e rm in a l  O u tp u t  D r i v e r s
11 12 Logon
10 12 Command I n t e r p r e t e r
9 0 Not Used
8 6 U ser  Program
7 12 U se r  Program
6 20 U ser  Program
5 30 U se r  Program
4 42 U se r  Program
3 56 U se r  Program
2 72 U ser P rogram
1 60 Background Job
0 60 Background Job
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Sem aphores a r e  a l s o  in v o lv e d  i n  p r o c e s s  s t a t e  t r a n s i t i o n s . ^  Each 
sem aphore  c o n s i s t s  o f  t h r e e  w o rd s .  The f i r s t  two words form th e  h e a d e r  
f o r  t h e  sem aphore queue . The t h i r d  word i s  t h e  sem aphore c o u n t .  O f te n  
a f o u r t h  word i s  u s e d  to  s t o r e  t h e  b a s e  o f  t h e  sem aphore ,  w hich i s  t h e  
p a r a m e te r  p a s s e d  to  t h e  P and V p r o c e d u r e s .  P and V a r e  p r i m i t i v e  
o p e r a t i o n s  on sem aphores  u s e d  to  im plem ent c r i t i c a l  s e c t i o n s  and t o  
c o n v e r t  h a rd w a re  s i g n a l s  to  s o f tw a r e  s i g n a l s .
The P o p e r a t i o n  on a sem aphore  d e c re m e n ts  t h e  sem aphore  c o u n t  
f i r s t .  The ru n n in g  p r o c e s s  i s  b lo c k e d  i f  th e  sem aphore c o u n t  i s  
n e g a t i v e .  T h is  i n v o lv e s  a  t r a n s i t i o n  from  t h e  ru n n in g  s t a t e  t o  t h e  
w a i t i n g  s t a t e .  The p r o c e s s  c o n t r o l  b l o c k  i s  added to  t h e  sem aphore 
q u e u e .  A lso  t h e  b a s e  o f  t h e  sem aphore  i s  s t o r e d  i n  word f o u r  o f  t h e  
p r o c e s s  c o n t r o l  b l o c k .  C o n t r o l  i s  g iv e n  to  t h e  s c h e d u l e r  i f  t h e  r u n n e r  
b l o c k s .  O th e rw is e ,  t h e  r u n n e r  c o n t i n u e s  e x e c u t i o n  i f  t h e  sem aphore  
c o u n t  r em a in s  n o n - n e g a t iv e .
The V o p e r a t i o n  on a sem aphore f i r s t  in c r e m e n ts  th e  sem aphore 
c o u n t .  One p r o c e s s  i s  removed from  t h e  sem aphore  queue  u n l e s s  t h e  queue  
i s  em pty . T h is  can  e a s i l y  b e  d e te rm in e d  by t e s t i n g  t h e  sem aphore c o u n t .  
The q u eu e  w i l l  be  empty w henever  t h e  sem aphore  c o u n t  i s  g r e a t e r  t h a n  
z e r o .  The p r o c e s s  removed from  th e  sem aphore queue  i s  added to  t h e  
r e a d y  l i s t .  I f  t h e  t im e  l e f t  f o r  t h a t  p r o c e s s  h a s  gone to  z e r o ,  i t  i s  
r e s e t  t o  t h e  t im e  quantum  and th e  p r o c e s s  i s  added to  t h e  end o f  t h e  
r e a d y  queue  f o r  i t s  p r i o r i t y .  O th e rw is e ,  t h e  p r o c e s s  i s  added to  t h e  
f r o n t  o f  t h e  queue f o r  i t s  p r i o r i t y .  The r u n n in g  p r o c e s s  i s  p r e - e m p te d  
and added to  t h e  r ea d y  l i s t  i f  i t s  p r i o r i t y  i s  l e s s  t h a n  t h e  p r i o r i t y  o f
^E . W. D i j k s t r a ,  " C o - o p e r a t i n g  S e q u e n t i a l  P r o c e s s e s " ,  Program ming 
L a n g u a g e s , ed .  F . Genuys (New Y ork : Academic P r e s s ,  1 9 6 8 ) ,  p . 4 3 -1 1 2 .
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t h e  p r o c e s s  removed from  t h e  sem aphore  q u e u e .  C o n t r o l  i s  g iv e n  to  t h e  
s c h e d u l e r  i f  t h e  r u n n e r  i s  p r e - e m p te d .
C r i t i c a l  s e c t i o n s  a r e  u s e d  to  e n s u re  t h a t  o n ly  one p r o c e s s  a t  a 
t im e  can  m od ify  v i t a l  sy s te m  d a t a  s t r u c t u r e s ,  such  a s  t h e  p r o c e s s  t a b l e  
and th e  f r e e  sp a ce  l i s t .  Thus a p r o c e s s  t h a t  d e s i r e s  to  e n t e r  a 
c r i t i c a l  s e c t i o n  w i l l  do a P on t h e  sem aphore p r o t e c t i n g  t h a t  d a t a  
s t r u c t u r e  and a V when i t  e x i t s  t h e  c r i t i c a l  s e c t i o n .  The sem aphore  
c o u n t  i s  i n i t i a l i z e d  to  one when t h e  sem aphore i s  to  b e  u se d  to  
im plem ent c r i t i c a l  s e c t i o n s .
Sem aphores a r e  a l s o  u se d  i n  s i g n a l i n g .  I n  t h i s  s i t u a t i o n ,  th e  
sem aphore  c o u n t  i s  i n i t i a l i z e d  to  z e r o .  A p r o c e s s  w a i t i n g  to  be  
s i g n a l e d  w i l l  do a P on t h e  p r o p e r  sem aphore .  T h is  w i l l  c a u s e  t h a t  
p r o c e s s  to  b l o c k .  Then when a h a rd w a re  i n t e r r u p t  i s  g e n e r a t e d  f o r  t h a t  
d e v i c e ,  t h e  i n t e r r u p t  p r o c e d u r e  w i l l  V on th e  sem aphore .  Thus th e  
h a rd w a re  s i g n a l  has  b e e n  c o n v e r t e d  to  a  s o f tw a r e  s i g n a l ,  and th e  b lo c k e d  
p r o c e s s  ch an g es  to  t h e  r e a d y  s t a t e  a s  a  r e s u l t .
I I I .  MEMORY MANAGEMENT
Memory management d e a l s  w i th  b o th  m ain  memory and v i r t u a l  memory. 
The p r o c e d u r e s  t h a t  manage m ain  memory a r e  GETMEM and PUTMEM. The 
p r o c e d u r e s  GETVMEM and PUTVMEM manage v i r t u a l  memory. T h re e  o t h e r  
r o u t i n e s  a r e  im p o r ta n t  t o  memory m anagem ent. The a t t e n t i o n  i n t e r r u p t  
p r o c e d u r e  l o a d s  p rog ram  segm en ts  i n t o  memory when n e e d e d .  The t o s s e r  
and STACKSWAPIN p r o c e s s e s  s e r v e  a s  t h e  l i n k  b e tw e e n  m ain  memory and 
v i r t u a l  memory and a r e  c r e a t e d  d u r in g  th e  i n i t i a l i z a t i o n  o f  t h e  
o p e r a t i n g  sy s te m .
Main memory i s  d i v id e d  i n t o  f o u r  t y p e s .  The f i r s t  ty p e  i s  
p e r m a n e n t ly  a l l o c a t e d  s p a c e ,  w hich  does  n o t  c o n c e r n  t h e  memory 
management r o u t i n e s .  The second  c o n s i s t s  o f  sm a l l  b l o c k s  o f  memory 
w hich  c a n n o t  b e  swapped o u t .  T h is  i n c l u d e s  p r o c e s s  c o n t r o l  b l o c k s ,  d a t a  
d e f i n i t i o n  b l o c k s ,  m essage  b u f f e r s ,  and s i m i l a r  memory r e q u e s t s .  The 
t h i r d  i s  made up o f  b u f f e r s  o f  256 b y t e s .  T h is  i s  a s t a n d a r d  s i z e  
b u f f e r  s i n c e  d i s k  s e c t o r s  a r e  a l l  256 b y t e s .  B u f f e r s  c a n n o t  b e  e a s i l y  
swapped o u t  o f  m ain  memory. Types two and t h r e e  each  have  t h e i r  own 
b i tm a p s  w hich i n d i c a t e  what b l o c k s  a r e  f r e e .  The r e m a in in g  ty p e  o f  
memory i s  v a r i a b l e  s i z e d  b lo c k s  o f  memory w hich  can  b e  swapped o u t  t o  
th e  d i s k .  F r e e  b l o c k s  o f  memory a r e  l i n k e d  t o g e t h e r  on a f r e e  s p a c e  
l i s t .  P rogram  segm en ts  and s t a c k s  u s e  t h i s  ty p e  o f  memory.
A l l  m ain  memory r e q u e s t s  m ust p a s s  two p a r a m e t e r s  to  GETMEM. The 
f i r s t  p a r a m e t e r  i s  t h e  s i z e  o f  t h e  memory needed  i n  d o u b le  w o rd s .  The 





L o c a t i o n  C o n te n t
0000 - 0001 I n t e r r u p t  S ta c k  Base A d d re s s
02 - 02 I n t e r r u p t  S ta c k  L eng th
04 - 07 Tim er
08 - 09 C o n c u r re n t  I /O  C o n t r o l  B lock  Base A ddress
0A - OB I n t e r r u p t  T a b le  Base A d d re ss
OC - OD D ate
0E - OF Maximum I /O  D ev ice  Number, P lu s  One
10 - 11 Maximum Number o f  E n t r i e s  i n  CCIOCB
12 - 13 D isk  I /O  E r r o r s
14 - 15 Maximum T e rm in a l  I /O  Count
16 - 17 Dump Code
18 - IB Clock
1C - ID A t t e n t i o n  L i s t  P o i n t e r
IE - IF N u l l
20 - 41F Program  L i b r a r y
420 - 4B3 I n t e r r u p t  V e c to r  T a b le
484 - 4b4 C o n c u r re n t  I /O  C o n t r o l  T a b le
4B4 - 4B5 R u n n e r 's  PCB Base
4B6 - 4B7 R u n n e r 's  E x t e r n a l  Name
4B8 - 4BB Ready L i s t  Base
4BC - 4BF Answer C ha in
4C0 - 4C3 S t a r t  o f  F r e e  Memory C h a in
4C4 - 4CB S t a r t  o f  PLIBQ C ha in
4D0 - 19D7 K e rn e l  — R e s i d e n t  OS
1A00 - 21FF B u f f e r s
2200 - 25 FF S t a t i c  Memory Managed by Bitm ap
2600 - 267F I n t e r r u p t  S ta c k
2680 - 7E37 Dynamic Memory Managed by F r e e  Space L i s t
7E38 - 7FF7 Memory f o r  Locked S ta c k s
7FF8 - 7FFB N u l l
7FFC - 7FFF Top L in k  o f  F r e e  Memory C h a in
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s t a c k s  and ty p e  one i s  f o r  a l l  o t h e r  memory r e q u e s t s .  B u f f e r  r e q u e s t s  
a r e  i d e n t i f i e d  by a s i z e  o f  256 b y t e s .  The b i tm a p  f o r  b u f f e r s  c o n t a i n s  
one b i t  f o r  each  b u f f e r .  The b i tm a p  f o r  n o n -sw a p p ab le  m ain  memory 
c o n t a i n s  one b i t  f o r  each  d o u b le  word. The f i r s t  word o f  a  b lo c k  on th e  
f r e e  s p a c e  l i s t  i s  t h e  s i z e  o f  t h a t  b lo c k  and t h e  se co n d  word i s  a 
p o i n t e r  to  t h e  n e x t  b l o c k .  GETMEM r e t u r n s  th e  b a s e  a d d r e s s  o f  t h e  
memory r e q u e s t e d .
PUTMEM h a s  t h r e e  p a r a m e t e r s .  The f i r s t  p a r a m e te r  i s  th e  b a s e  
a d d r e s s  o f  t h e  memory to  b e  r e l e a s e d .  The re m a in in g  two p a r a m e te r s  a r e  
t h e  same a s  t h o s e  f o r  GETMEM. I f  t h e  ty p e  i s  z e r o  t h e n  th e  memory w i l l  
b e  r e t u r n e d  to  t h e  f r e e  s p a c e  l i s t .  O th e rw is e ,  t h e  c o r r e s p o n d in g  b i t s  
w i l l  b e  t u r n e d  on . I f  a b i t  i s  on, t h e  c o r r e s p o n d in g  memory i s  f r e e .
GETVMEM has  o n ly  one p a r a m e t e r — t h e  s i z e  o f  t h e  v i r t u a l  memory 
r e q u e s t  i n  u n i t s  o f  256 b y t e s .  A b i tm ap  i s  u se d  f o r  v i r t u a l  memory 
a l l o c a t i o n .  GETVMEM r e t u r n s  t h e  d i s k  a d d re s s  o f  t h e  a s s i g n e d  v i r t u a l  
memory. The two p a r a m e te r s  to  PUTVMEM a r e  t h e  d i s k  a d d r e s s  and th e  s i z e  
o f  t h e  v i r t u a l  memory to  be  f r e e d .
When GETMEM i s  u n a b le  to  f i n d  a b lo c k  o f  memory on th e  f r e e  sp a ce  
l i s t  l a r g e  enough to  s a t i s f y  t h e  c u r r e n t  r e q u e s t ,  he  l e a v e s  t h e  memory 
c r i t i c a l  s e c t i o n  and does  a  V on th e  t o s s e r ' s  sem aphore and a V on 
WAITSEM. The t o s s e r  w i l l  now b e  s c h e d u l e d .  The t o s s e r  adds one b lo c k  
to  t h e  f r e e  s p a c e  l i s t  e ach  t im e  some o t h e r  p r o c e s s  does  a  V on h i s  
se m aphore .  The t o s s e r  w i l l  f i r s t  t r y  to  th row  a p rog ram  segm ent o u t  o f  
m ain  memory. I f  a l l  p ro g ram  segm en ts  a r e  e i t h e r  lo c k e d  i n t o  memory o r  
n o t  p r e s e n t ,  t h e n  t h e  t o s s e r  w i l l  t r y  to  f i n d  a s t a c k  t h a t  i s  n o t  lo c k e d  
i n  memory. The f i r s t  s t a c k  found t h a t  i s  e l i g i b l e  w i l l  be  swapped o u t  
to  t h e  d i s k .  A c a l l  i s  made to  GETVMEM to  a c q u i r e  t h e  n e c e s s a r y  d i s k
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s e c t o r s .  Once t h e  s t a c k  p r e s e n c e  b i t  i s  t u r n e d  o f f ,  t h e  m ain  memory i s  
r e l e a s e d  by a c a l l  t o  PUTMEM.
The t o s s e r  w i l l  c o n t i n u e  i n  an i n f i n i t e  lo o p  u n t i l  i t  i s  a b l e  to  
r e t u r n  some memory to  t h e  f r e e  s p a c e  l i s t  by a c a l l  t o  PUTMEM. PUTMEM 
w i l l  V on WAITSEM i f  any p r o c e s s  i s  w a i t i n g  on t h i s  sem aphore;  
o t h e r w i s e ,  t h e  V w i l l  b e  done on MEMSEM.
The c h o ic e  o f  w hich  p rog ram  segm ent o r  w hich s t a c k  to  swap o u t  o f  
m ain  memory i s  b a s e d  on th e  second  c h an ce  a l g o r i t h m . ^ Each p rogram  
segm ent and each  s t a c k  has  an a t t e n t i o n  b i t  and a p r e s e n c e  b i t  
a s s o c i a t e d  w i th  i t .  The b i t s  f o r  t h e  p rog ram  segm ent a r e  l o c a t e d  i n  t h e  
p ro g ra m  l i b r a r y  and t h e  PLIBQ r e s p e c t a t i v e l y . The b i t s  f o r  t h e  s t a c k s  
a r e  l o c a t e d  i n  t h e  p r o c e s s  c o n t r o l  b l o c k s .  A l l  a t t e n t i o n  b i t s  a r e  
i n i t i a l l y  o f f .  When t h e  t o s s e r  i s  c h e c k in g  a p rog ram  o r  s t a c k ,  i t  f i r s t  
c h e c k s  to  s e e  i f  i t  i s  lo c k e d  i n  memory o r  i s  a b s e n t  from  memory. I f  i t  
i s  u n lo c k e d  and p r e s e n t ,  t h e n  t h e  a t t e n t i o n  b i t  i s  c h e ck e d .  I f  t h e  
a t t e n t i o n  b i t  i s  o f f ,  i t  i s  t u r n e d  on. O th e rw is e ,  t h e  p rogram  o r  
segm ent i s  swapped o u t  o f  memory. The a t t e n t i o n  i n t e r r u p t  r o u t i n e  w i l l  
c l e a r  t h e  a t t e n t i o n  b i t  o f  a p ro g ram  segm ent t h a t  i s  r e f e r e n c e d ,  w h i l e  
t h e  s c h e d u l e r  w i l l  c l e a r  t h e  a t t e n t i o n  b i t  o f  a s t a c k  t h a t  i s  b e in g  
s c h e d u le d .  Thus p rog ram  segm en ts  and s t a c k s  t h a t  a r e  m ost o f t e n  
r e f e r e n c e d  have  t h e  l e a s t  chance  o f  b e in g  swapped o u t  o f  m ain  memory.
The PLIBQ i s  a l i n k e d  l i s t  o f  nodes  which c o n t a i n s  i n f o r m a t i o n  on 
t h e  p ro g ram  segm en ts  t h a t  a r e  a c t i v e .  The c o n t e n t s  o f  a PLIBQ e n t r y  a r e  
shown i n  T a b le  5 .  The PLIBQ i s  u se d  to  su p p le m e n t  t h e  i n f o r m a t i o n
5C. A. R. Hoare and R. M. McKeag, "A Survey  o f  S t o r e  Management 
T e c h n iq u e s " ,  O p e r a t in g  System  T e c h n iq u e s , ed . C. A. R. H oare and R. H. 




Word B i t s C o n te n t
0 Next L in k
1 0 -  7 U se r  Count
1 8-15 PLIB#
2 0-12 V i r t u a l  Memory A d d ress
2 13 I n  P r o c e s s  B i t
2 14 P r e s e n c e  B i t
2 15 Lock B i t
3 D isk  A ddress
c o n ta i n e d  i n  t h e  p rog ram  l i b r a r y .
P rogram  segm en ts  a r e  swapped b ack  i n t o  m ain  memory by th e  a t t e n t i o n  
i n t e r r u p t  r o u t i n e .  When an a t t e n t i o n  i n t e r r u p t  i s  g e n e r a t e d ,  a check  i s  
made to  s e e  i f  t h e  p ro g ram  segm ent i s  i n  m ain  memory. A z e r o  i n  t h e  
f i r s t  word o f  t h e  p ro g ram  l i b r a r y  e n t r y  f o r  t h i s  segm ent i n d i c a t e s  t h a t  
i t  i s  p r e s e n t .  I f  t h e  segm ent i s  p r e s e n t  th e n  t h e  a t t e n t i o n  b i t  i s  
t u r n e d  o f f  and t h e  i n t e r r u p t  p r o c e d u r e  i s  done. I f  t h e  segm ent i s  n o t  
p r e s e n t ,  a  s e a r c h  i s  done i n  t h e  PLIBQ. A m essage  i s  p r i n t e d  i f  no 
e n t r y  i s  found  f o r  t h i s  segm ent and t h e  i n t e r r u p t  p r o c e d u r e  t h e n  
t e r m i n a t e s .  A t e s t  i s  a l s o  made to  s e e  i f  t h e  segm ent i s  a l r e a d y  b e in g  
lo a d e d  i n t o  m ain  memory by a n o th e r  p r o c e s s  i n  t h e  a t t e n t i o n  i n t e r r u p t  
r o u t i n e .
I f  a n o th e r  p r o c e s s  i s  a l r e a d y  l o a d in g  t h i s  p ro g ram  segm en t,  t h e
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c u r r e n t  p r o c e s s  w i l l  w a i t  u n t i l  t h e  segm ent h as  b e e n  lo a d e d .  T h is  i s  
done by  a d d in g  a node c o n t a i n i n g  a p r i v a t e  sem aphore to  t h e  a t t e n t i o n  
l i s t .  The p rog ram  l i b r a r y  number t h a t  c a u se d  t h e  a t t e n t i o n  i n t e r r u p t  i s  
a l s o  s t o r e d  i n  t h e  node . The c u r r e n t  p r o c e s s  w i l l  do a P on i t s  p r i v a t e  
sem aphore ,  c a u s in g  i t  to  b l o c k .  T h is  p r o c e s s  w i l l  be  u n b lo c k e d  when t h e  
d e s i r e d  p rog ram  segm ent h a s  b e e n  lo a d e d .  When t h e  p r o c e s s  i s  s c h e d u le d ,  
i t  w i l l  remove t h e  node from  t h e  a t t e n t i o n  l i s t  and f r e e  t h e  s p a c e  i t  
o c c u p ie d  b e f o r e  l e a v i n g  th e  a t t e n t i o n  i n t e r r u p t  p r o c e d u r e .
The o n ly  re m a in in g  s i t u a t i o n  i s  t h e  m ost i m p o r t a n t .  I f  t h e  p rog ram  
segm ent i s  n o t  p r e s e n t  and n o t  b e in g  lo a d e d ,  th e n  i t  m ust be  lo a d e d  i n t o  
m ain  memory. The p rog ram  segm ent m ust a l r e a d y  have  an e n t r y  i n  t h e
PLIBQ. GETMEM i s  c a l l e d  to  a c q u i r e  f o u r  w ords o f  m ain  memory f o r  t h e
d a t a  d e f i n i t i o n  b l o c k .  A n o th e r  c a l l  i s  r e q u i r e d  to  g e t  s u f f i c i e n t  m ain  
memory to  c o n t a i n  t h e  p rog ram  segm en t.  A m essage  i s  s e n t  to  t h e  d i s k
d r i v e r  to  r e a d  i n  t h e  p rog ram  se g m e n t .  Once an answ er h a s  b e e n
r e c e i v e d ,  t h e  f o u r  w ords f o r  t h e  d a t a  d e f i n i t i o n  b lo c k  can  b e  r e t u r n e d  
to  t h e  f r e e  s p a c e  l i s t .  The p ro g ra m  l i b r a r y  and t h e  PLIBQ a r e  u p d a te d  
to  i n d i c a t e  t h e  s e g m e n t 's  p r e s e n c e .
The a r c h i t e c t u r e  o f  t h e  M ic r o d a ta  32 /S  f a c i l i t a t e s  sw apping  p rogram  
segm en ts  b a c k  i n t o  m ain  memory. However, t h e r e  i s  no such  h a rd w a re  
s u p p o r t  f o r  sw apping  s t a c k s  b ack  i n t o  m ain  memory. Thus t h e  s c h e d u l e r  
m ust a lw ays  check  to  s e e  i f  t h e  s t a c k  i s  p r e s e n t  b e f o r e  s c h e d u l i n g  a 
p r o c e s s .  I f  t h e  s t a c k  i s  n o t  p r e s e n t  i n  m ain  memory, t h e  STACKSWAPIN 
p r o c e s s  i s  s t a r t e d .  T h is  p r o c e s s  r e t r i e v e s  t h e  b a s e  o f  t h e  p r o c e s s  
c o n t r o l  b lo c k  f o r  t h e  p r o c e s s  n e e d in g  th e  s t a c k .  The p a r a m e te r  i s  
p a s s e d  from  t h e  s c h e d u l e r  t o  STACKSWAPIN i n  a f i x e d  memory l o c a t i o n ,  
th u s  o n ly  one s t a c k  c an  b e  swapped i n  a t  a t im e .  STACKSWAPIN b u i l d s  a
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d a ta  d e f i n i t i o n  b lo c k  f o r  t h e  s t a c k  and th e n  s e n d s  a m essage  to  t h e  d i s k  
d r i v e r .  Once t h e  s t a c k  i s  swapped b ack  i n t o  m ain  memory, t h e  m ain  
memory h o ld in g  t h e  d a t a  d e f i n i t i o n  b lo c k  and t h e  v i r t u a l  memory w here  
th e  s t a c k  had  b e e n  l o c a t e d  a r e  f r e e d  by c a l l s  to  PUTMEM and PUTVMEM 
r e s p e c t i v e l y .  The STACKSWAPIN p r o c e s s  t h e n  s e t s  i t s  own s to p  b i t  and 
w a i t s  u n t i l  t h e  s to p  b i t  h a s  b e e n  c l e a r e d .  When t h i s  h ap p en s  a g a in ,  
a n o th e r  s t a c k  i s  swapped b a c k  i n t o  m ain  memory.
IV. THE KERNEL
The k e r n e l  i s  t h e  r e s i d e n t  p a r t  o f  t h e  o p e r a t i n g  sy s te m . I t  m ust 
r e m a in  i n  memory a t  a l l  t im e s .  A l l  i n t e r r u p t  p r o c e d u r e s  a r e  l o c a t e d  i n  
t h e  k e r n e l .  The I /O  d r i v e r s  and t h e  s c h e d u l e r  a r e  a l s o  found  i n  t h e  
k e r n e l .  O th e r  p r o c e d u r e s  found i n  t h e  k e r n e l  a r e  t h o s e  f o r  memory 
m anagem ent, queue  m anagem ent, sem aphore  h a n d l i n g ,  and m essage  h a n d l i n g .
Queue Management
ADDTOQ i s  a  g e n e r a l  p u r p o s e  r o u t i n e  f o r  ad d in g  an i t e m  to  a q ueue . 
The f i r s t  two p a r a m e te r s  a r e  t h e  b a s e  o f  t h e  queue  and t h e  b a s e  o f  t h e  
i t e m  to  b e  added . The t h i r d  p a r a m e te r  i s  t h e  o f f s e t  o f  t h e  queue  l i n k  
w i t h i n  t h e  i t e m .  I te m s  a r e  removed from  t h e  queue  by t h e  g e n e r a l  
p u rp o s e  r o u t i n e  REMOVEFROMQ. I t s  two p a r a m e te r s  a r e  t h e  b a s e  o f  t h e  
queue  and t h e  o f f s e t  i n  t h e  i te m  o f  t h e  queue  l i n k .  REMOVEFROMQ r e t u r n s  
t h e  b a s e  o f  t h e  i t e m  removed from  th e  q u eu e .
M essage H a n d l in g
M essages  a r e  a n o th e r  form  o f  s i g n a l i n g  b e tw e en  two p r o c e s s e s .  They 
c o n t a i n  more i n f o r m a t i o n  t h a n  sem aphores  b u t  a l s o  i n v o lv e  m ore sy s te m  
o v e rh e a d .  T h is  v e r s i o n  o f  t h e  o p e r a t i n g  s y s te m  o n ly  u s e s  m essag es  to  
com m unicate  b e tw e e n  t h e  d i s k  d r i v e r  and o t h e r  p r o c e s s e s .  M essage 
b u f f e r s  a r e  s t o r e d  i n  a  d o u b ly  l i n k e d  queue  i n  t h e  p r o c e s s  c o n t r o l  b lo c k  
o f  t h e  r e c e i v e r .  M essages  a r e  s e n t  by th e  f u n c t i o n  SENDMSG and r e c e i v e d  
by th e  f u n c t i o n  RCVEMSG. Answers u s e  t h e  same m essage  b u f f e r  t h a t  was
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u s e d  to  s e n d  t h e  m e s s a g e .  The m essage  b u f f e r s  a r e  a l l  l i n k e d  t o g e t h e r  
on t h e  answ er  c h a i n  a f t e r  t h e  m essage  h a s  b e e n  r e c e i v e d .  Answers a r e  
s e n t  by SENDANS and r e c e i v e d  by RCVEANS.
SENDMSG h a s  two p a r a m e t e r s .  The f i r s t  i s  t h e  name o f  t h e  p r o c e s s  
to  w hich  t h e  m essag e  w i l l  b e  s e n t .  The seco n d  i s  a p o i n t e r  t o  t h e  
m essage  i t s e l f ,  w hich  i s  an  a r r a y  o f  w o rd s .  The f i r s t  word o f  t h e  
m essage  c o n t a i n s  t h e  l e n g t h  o f  t h e  m essage  i n  d o u b le  w ords .  A r e q u e s t  
i s  made to  GETMEM to  a c q u i r e  a  m essage  b u f f e r .  The c o n t e n t s  o f  th e  
m essage  b u f f e r  can  b e  s e e n  i n  T a b le  6 .  T h is  b u f f e r  i s  added to  t h e  
r e c e i v e r ' s  m essage  q u eu e .  The r e c e i v e r  i s  p u t  on th e  r e a d y  l i s t  i f  he  
i s  a l r e a d y  w a i t i n g  on t h e  m e s s a g e .  SENDMSG ends by r e t u r n i n g  t h e  b a s e  
o f  t h e  m essage  b u f f e r .
TABLE 6 
MESSAGE BUFFER
Word C o n te n t
0 Queue L in k
1 P r o c e s s  Name o f  S ender
2 P r o c e s s  Name o f  R e c e iv e r
3 L e n g th  o f  M essage i n  Double  Words
4 B e g in n in g  o f  M essage
RCVEMSG a l s o  h a s  two p a r a m e t e r s .  The f i r s t  i s  a p o i n t e r  to  th e  
name o f  t h e  p r o c e s s  from  w hich  t h e  m essag e  was s e n t .  The seco n d  i s  a 
p o i n t e r  to  t h e  m essage  i t s e l f .  I f  t h e r e  a r e  no m essag es  w a i t i n g  f o r  th e
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r u n n in g  p r o c e s s  when RCVEMSG i s  c a l l e d ,  t h e  b a s e  o f  t h e  p r o c e s s  c o n t r o l  
b lo c k  w i l l  b e  s t o r e d  i n  word f o u r  o f  t h e  p r o c e s s  c o n t r o l  b lo c k  and 
c o n t r o l  w i l l  b e  r e t u r n e d  t o  t h e  s c h e d u l e r .  T h is  i s  t o  i n d i c a t e  to  
SENDMSG t h a t  t h i s  p r o c e s s  i s  w a i t i n g  f o r  a m essag e .  When t h e r e  i s  a 
m essage  i n  t h e  m essage  queue  f o r  t h i s  p r o c e s s ,  i t  w i l l  b e  removed from  
t h e  q u eu e .  The name o f  t h e  s e n d e r  i s  r e t r i e v e d  from  word one o f  t h e  
m essage  b u f f e r .  Then t h e  m essag e  b u f f e r  i s  added to  t h e  answ er c h a in  
and t h e  m essage  i s  t r a n s f e r r e d  from th e  m essage  b u f f e r  to  t h e  empty 
m essage  a r e a  p r o v id e d  by RCVEMSG. The b a s e  o f  t h e  m essag e  b u f f e r  i s  
r e t u r n e d  by RCVEMSG.
The two p a r a m e te r s  f o r  SENDANS a r e  t h e  b a s e  o f  t h e  m essage  b u f f e r  
and a p o i n t e r  to  a l o c a l  m essage  a r e a .  The p r o c e s s  name to  w hich  t h e  
answ er  i s  to  b e  s e n t  i s  o b t a i n e d  from  th e  m essage  b u f f e r ,  a s  i s  th e
l e n g t h  o f  t h e  m essage  b u f f e r .  The answ er i s  c o p ie d  from  th e  l o c a l
m essage  a r e a  on t h e  s t a c k  to  t h e  m essage  b u f f e r .  The s i g n  b i t  i n  th e  
l e n g t h  f i e l d  o f  t h e  m essage  b u f f e r  i s  s e t  to  one t o  i n d i c a t e  a r e a d y  
a n sw e r .  The s e n d e r  o f  t h e  m essage  i s  p u t  on th e  r e a d y  l i s t  i f  he  i s  
a l r e a d y  w a i t i n g  f o r  an an sw er .
RCVEANS h a s  t h e  same two p a r a m e te r s  as  SENDANS. T h is  p r o c e d u r e  
f i r s t  checks  t h e  l e n g t h  f i e l d  o f  t h e  m essage  b u f f e r .  I f  t h e  s ig n  b i t  i s  
n o t  on, th e n  th e  answ er  m ust n o t  b e  r e a d y .  Thus word f o u r  o f  th e  
p r o c e s s  c o n t r o l  b lo c k  i s  s e t  to  t h e  b a s e  o f  t h e  p r o c e s s  c o n t r o l  b lo c k  
p l u s  one . T h is  i n d i c a t e s  to  SENDANS t h a t  t h i s  p r o c e s s  i s  w a i t i n g  on an 
an sw e r .  C o n t r o l  i s  t h e n  g iv e n  to  t h e  s c h e d u l e r .  Once t h e  answ er h a s  
b e e n  s e n t ,  t h e  answ er  i s  c o p ie d  from  t h e  m essage  b u f f e r  t o  a l o c a l  a r r a y  
on t h e  s t a c k .  The m essage  b u f f e r  i s  removed from  t h e  answ er c h a in  and
th e  s p a c e  i t  o c c u p ie d  i s  m arked f r e e  by a c a l l  t o  PUTMEM.
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I n t e r r u p t  P r o c e d u r e s
I n t e r n a l  i n t e r r u p t s  g e n e r a l l y  r e s u l t  i n  a  m essage  b e in g  p r i n t e d  on 
t h e  a p p r o p r i a t e  t e r m i n a l .  T h is  i s  done by a c a l l  t o  WRTMES, a s  
d e s c r i b e d  i n  C h a p te r  6 .  The i n t e r r u p t  p r o c e d u r e s  i n  t h i s  c a t e g o r y  
i n c l u d e  t r a c e ,  s u p e r v i s o r  c a l l ,  un im p lem en ted  i n s t r u c t i o n ,  t r a p  
i n s t r u c t i o n ,  and u s e r  p ro g ram  v i o l a t i o n .
The m ark p rog ram  c o m p le te  i n t e r r u p t  i s  g e n e r a t e d  when a p r o c e d u r e  
e x i t  i n s t r u c t i o n  i s  e x e c u te d  f o r  a m ain  p r o c e d u r e .  The i n t e r r u p t  
p r o c e d u r e  f i r s t  d i s a b l e s  e x t e r n a l  i n t e r r u p t s  and s e t s  t h e  s to p  b i t  o f  
t h e  r u n n e r .  A V i s  th e n  done on th e  sem aphore f o r  t h e  c o r r e s p o n d in g  
command i n t e r p r e t e r .  T h is  w i l l  p u t  t h e  command i n t e r p r e t e r  b a c k  on t h e  
r e a d y  l i s t  and w i l l  p r e - e m p t  t h e  r u n n e r .  When t h e  command i n t e r p r e t e r  
i s  s c h e d u l e d ,  i t  w i l l  s to p  and k i l l  t h e  c o m p le te d  p rog ram , as  d e s c r i b e d  
i n  C h a p te r  5 .
E x t e r n a l  i n t e r r u p t s  c o n s i s t  o f  maximum d e v ic e  number e x c e e d e d ,  
o p e r a t o r  i n t e r r u p t ,  t im e r  i n t e r r u p t ,  and I /O  i n t e r r u p t s .  A maximum 
d e v ic e  number e x c ee d e d  i n t e r r u p t  r e s u l t s  i n  a  m essage  b e in g  p r i n t e d  on 
t h e  a p p r o p r i a t e  t e r m i n a l  by a c a l l  t o  WRTMES. The r e m a in in g  e x t e r n a l  
i n t e r r u p t s  a r e  more i m p o r ta n t  to  t h e  f u n c t i o n i n g  o f  t h e  o p e r a t i n g  
sy s te m .
The o p e r a t o r  i n t e r r u p t  i s  u se d  to  dump th e  e n t i r e  c o n t e n t s  o f  m ain  
memory o n to  t h e  d i s k  w i t h o u t  u s i n g  t h e  d i s k  d r i v e r .  Thus i t  i s  o f t e n  
p o s s i b l e  to  g e t  a dump o f  memory even  when t h e  o p e r a t i n g  sy s te m  i s  n o t
f u n c t i o n i n g  p r o p e r l y .  T h is  i s  v e r y  u s e f u l  i n  d e b u g g in g .  A number o f
s o f t w a r e  t o o l s  h av e  b e e n  d e v e lo p e d  to  exam ine t h e  s t a t e  o f  t h e  sy s te m  a t  
t h e  t im e  o f  t h e  dump. R e f e r  to  C h a p te r  10 f o r  more d e t a i l s .
The i n t e r r u p t  p r o c e d u r e s  f o r  t e r m i n a l  i n p u t  add th e  i n p u t  c h a r a c t e r
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to  a c i r c u l a r  b u f f e r  o f  f i x e d  s i z e .  They a l s o  r e s e t  t h e  i n t e r r u p t  and 
check  th e  s t a t u s  b e f o r e  s e n d in g  a s o f tw a r e  s i g n a l  to  anyone w a i t i n g  f o r  
i n p u t  by d o in g  a V on t h e i r  sem aphore .  The i n t e r r u p t  p r o c e d u r e s  f o r  
t e r m i n a l  o u t p u t  check  th e  s t a t u s  and r e s e t  t h e  i n t e r r u p t  b e f o r e  
s i g n a l i n g  th e  c o r r e s p o n d in g  t e r m in a l  o u t p u t  d r i v e r .  The d i s k  i n t e r r u p t  
p r o c e d u r e  m e re ly  s i g n a l s  t h e  d i s k  d r i v e r  by d o in g  a V on i t s  sem aphore .
I /O  D r i v e r s
The t e r m i n a l  o u t p u t  d r i v e r s  w a i t  u n t i l  th e y  a r e  s i g n a l e d  by th e  
c o r r e s p o n d in g  i n t e r r u p t  p r o c e d u r e .  The f u n c t i o n  GET_FROM_BUFF i s  t h e n  
c a l l e d  to  g e t  t h e  n e x t  c h a r a c t e r  to  b e  p r i n t e d .  A f t e r  t h e  c h a r a c t e r  h as  
b e e n  s e n t  to  t h e  o u t p u t  d e v ic e ,  t h e  d r i v e r  w a i t s  u n t i l  i t  i s  s i g n a l e d  
a g a i n  th ro u g h  i t s  sem aphore .
GET_FROM_BUFF h a s  one p a r a m e t e r ,  w hich i s  t h e  b a s e  o f  th e  o u t p u t  
b u f f e r .  The c o n t e n t s  o f  t h e  o u t p u t  b u f f e r  a r e  shown i n  T a b le  7 .  
GET_FROM_BUFF does  a P on t h e  f i r s t  sem aphore i n  t h e  b u f f e r .  The n e t  
c o u n t  w i l l  be  z e r o  i f  t h e  b u f f e r  i s  em pty , t h u s  t h i s  p r o c e s s  w i l l  have  
to  w a i t .  The WAITING_ON_NOT_EMPTY b i t  i s  tu rn e d  on to  i n d i c a t e  t h i s  
p r o c e s s  i s  w a i t i n g  f o r  a c h a r a c t e r .  The f i r s t  sem aphore  i n  t h e  b u f f e r  
i s  r e l e a s e d  and a P i s  done on th e  t h i r d  sem aphore .  When a c h a r a c t e r  i s  
added to  t h e  b u f f e r ,  t h i s  sem aphore  w i l l  be  r e l e a s e d .  Then t h e  
WAITING_ON_NOT_EMPTY b i t  w i l l  b e  c l e a r e d .
When i t  h a s  b e e n  d e te rm in e d  t h a t  t h e  b u f f e r  i s  n o t  em pty , one 
c h a r a c t e r  i s  removed from  th e  b u f f e r .  The o u t p u t  p o i n t e r  i s  moved to  
t h e  n e x t  c h a r a c t e r  and t h e  n e t  c o u n t  i s  d e c re m e n te d  by o ne . ADD__TO_BUFF 
w i l l  t h e n  P on t h e  f i r s t  sem aphore i n  t h e  b u f f e r  u n l e s s  th e  
WAITING_ON_NOT_FULL b i t  i s  s e t .  I f  t h e  l a t t e r  i s  t r u e ,  t h e n  th e  P w i l l  


























B i t s  C o n te n t
Head o f  F i r s t  Semaphore 
T a i l  o f  F i r s t  Semaphore 
Count o f  F i r s t  Semaphore 
0 -  7 Mask
8-15 Net Count
Head o f  Second Semaphore
T a i l  o f  Second Semaphore
Count o f  Second Semaphore 
I n p u t  P o i n t e r  
Head o f  T h i rd  Semaphore 
T a i l  o f  T h i rd  Semaphore 
Count o f  T h i rd  Semaphore 
O u tp u t  P o i n t e r  
0 -  7 C h a r a c t e r  0
8-13  Unused
14 W a i t in g  on Not Empty
15 W a i t in g  on Not F u l l
0 -  7 C h a r a c t e r  2
8-15 C h a r a c t e r  1
0 -  7 C h a r a c t e r  4
8-15  C h a r a c t e r  3
0 -  7 C h a r a c t e r  30
8-15  C h a r a c t e r  29
0 -  7 Not Used
8-15  C h a r a c t e r  31
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i s  r e t u r n e d  to  t h e  c a l l i n g  p r o c e d u r e .
The d i s k  d r i v e r  w a i t s  u n t i l  i t  i s  s e n t  a  m essage  by a p r o c e s s
r e q u e s t i n g  a d a t a  t r a n s f e r  b e tw e e n  t h e  d i s k  and m ain  memory. The
m essage  i n c l u d e s  a p o i n t e r  to  t h e  d a t a  d e f i n i t i o n  b l o c k .  The c o n t e n t s
o f  t h e  d a t a  d e f i n i t i o n  b l o c k  f o r  t h e  d i s k  d r i v e r  a r e  shown i n  T a b le  8 .  
The d i s k  i s  t h e n  s t a r t e d  to  p e r f o r m  th e  d e s i r e d  f u n c t i o n .  The d r i v e r  
does a P on t h e  d i s k  i n t e r r u p t  sem aphore  t o  w a i t  u n t i l  t h e  t r a n s f e r  i s  
c o m p le te d .  Once t h i s  i s  done , t h e  d i s k  d r i v e r  r e s e t s  t h e  i n t e r r u p t  and 
ch eck s  t h e  s t a t u s .  I f  t h e r e  was an e r r o r ,  t h e  d r i v e r  w i l l  a t t e m p t  t o  
r e p e a t  t h e  t r a n s f e r  up to  f i v e  t im e s .  SENDANS i s  c a l l e d  to  n o t i f y  t h e  
r e q u e s t i n g  p r o c e s s  t h a t  t h e  t r a n s f e r  h a s  b e e n  c o m p le te d .
TABLE 8 
DATA DEFINITION BLOCK
Word B i t s C o n te n t
0 D isk  B lock  Number
1 Memory A d d ress  Base
2 B yte  Count
3 0-1 D isk  D r iv e  Number
3 2 D isk  P l a t t e r
3 3-6 F u n c t io n
V. PROCESS CONTROL
T here  a r e  s e v e r a l  r o u t i n e s  w hich a r e  r e s p o n s i b l e  f o r  p r o c e s s  
c o n t r o l ,  i n  a d d i t i o n  to  t h o s e  a l r e a d y  d i s c u s s e d .  FINDPCB i s  a f u n c t i o n  
t h a t  s e a r c h e s  t h e  p r o c e s s  t a b l e  and r e t u r n s  t h e  b a s e  o f  t h e  p r o c e s s  
c o n t r o l  b l o c k .  The p a r a m e te r  p a s s e d  to  FINDPCB i s  t h e  p r o c e s s  name.
The f u n c t i o n  CREATE i s  c a l l e d  to  c r e a t e  a new p r o c e s s .  The 
p a r a m e t e r s  p a s s e d  to  CREATE a r e  s t a c k  l e n g t h ,  p r i o r i t y ,  t im e  quan tum , 
p ro g ram  l i b r a r y  num ber, and e n t r y  p o i n t .  CREATE f i r s t  makes a c a l l  on 
GETMEM to  a c q u i r e  s t o r a g e  i n  m ain  memory f o r  t h e  new p r o c e s s  c o n t r o l  
b l o c k .  The s to p  b i t  i s  s e t ,  and th e  t e r m in a l  i s  s e t  to  t h e  same 
t e r m in a l  a s  t h e  p a r e n t  o f  t h i s  p r o c e s s .  A n o th e r  c a l l  i s  made on GETMEM 
to  a c q u i r e  memory f o r  t h e  s t a c k .  The s t a c k  i s  i n i t i a l i z e d  and i t s  b a s e  
and l e n g t h  a r e  s t o r e d  i n  t h e  p r o c e s s  c o n t r o l  b l o c k .  The p r i o r i t y ,  t im e  
quan tum , and p ro g ram  l i b r a r y  number a r e  a l s o  s t o r e d  i n  t h e  p r o c e s s  
c o n t r o l  b l o c k .  The newly c r e a t e d  p r o c e s s  i n h e r i t s  i t s  u s e r i d  and 
c u r r e n t  f i l e  d i r e c t o r y  from  th e  p a r e n t  p r o c e s s .  The new p r o c e s s  i s  th e n  
added to  t h e  s u sp e n d e d  l i s t  and to  t h e  p r o c e s s  t a b l e .  The p r o c e s s  name 
i s  a c q u i r e d  by a c a l l  to  t h e  f u n c t i o n  UNIQUENAME w hich  h a s  no 
p a r a m e t e r s .  The c h i l d  and s i b l i n g  l i n k s  o f  r e l a t e d  p r o c e s s e s  a r e  
u p d a te d  to  r e f l e c t  t h e  new p r o c e s s .  CREATE r e t u r n s  t h e  name o f  t h e  new 
p r o c e s s  to  t h e  c r e a t i n g  p r o c e s s .
A p r o c e s s  i s  t r a n s f e r e d  from th e  su sp en d e d  l i s t  to  t h e  r e a d y  l i s t  
by t h e  f u n c t i o n  START. A check  i s  f i r s t  made t o  s e e  i f  t h e  p r o c e s s  had
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b e e n  w a i t i n g  on a sem aphore  b e f o r e  b e in g  p u t  on t h e  s u sp e n d e d  l i s t .  I f  
t h i s  i s  t h e  c a s e ,  t h e  p r o c e s s  i s  r e t u r n e d  to  t h e  sem aphore q u eu e .  I f  
t h e  p r o c e s s  had  n o t  b e e n  w a i t i n g  f o r  a sem aphore ,  a  m essa g e ,  o r  an answ er 
b e f o r e  b e in g  s u sp e n d e d ,  i t  i s  r e t u r n e d  to  t h e  r e a d y  l i s t .  The p r o c e s s
i s  t a k e n  o f f  t h e  su sp en d e d  l i s t  by a c a l l  t o  t h e  f u n c t i o n  REMOVE.
REMOVE h a s  two p a r a m e t e r s :  t h e  b a s e  o f  a  p r o c e s s  c o n t r o l  b l o c k  and 
a s t a n d a r d  sy s te m  q u e u e .  REMOVE s e a r c h e s  t h e  e n t i r e  queue  f o r  t h e  
d e s i r e d  i t e m .  I f  t h e  i te m  i s  fo u n d ,  i t  i s  removed from  th e  queue and a 
one i s  r e t u r n e d .  O th e rw is e ,  a z e r o  i s  r e t u r n e d  i n d i c a t i n g  t h e  i te m  was 
n o t  fo u n d .
The f u n c t i o n  STOP i s  u se d  to  su sp en d  a p r o c e s s .  The o n ly  p a r a m e te r
p a s s e d  to  STOP i s  t h e  name o f  t h e  p r o c e s s  to  b e  s to p p e d .  STOP r e t u r n s  a
n e g a t i v e  one i f  t h e  p r o c e s s  name i s  n o t  found i n  t h e  p r o c e s s  t a b l e .  The
s to p  b i t  i s  s e t  to  one . I f  t h e  p r o c e s s  to  b e  s to p p e d  i s  c u r r e n t l y
w a i t i n g  on a sem aphore q u e u e ,  i t  i s  removed from  t h a t  queue  and added to  
t h e  su sp e n d e d  l i s t .  I f  t h e  p r o c e s s  was on th e  r e a d y  l i s t ,  i t  i s  removed
from  t h a t  l i s t  and added to  t h e  s u sp e n d e d  l i s t .  A z e r o  i s  r e t u r n e d
i n d i c a t i n g  t h e  p r o c e s s  was s u c c e s s f u l l y  s to p p e d .
I t  i s  i m p o r ta n t  t h a t  any p r o c e s s  i s  n o t  s to p p e d  w h i l e  i t  i s  i n  a 
c r i t i c a l  s e c t i o n .  Thus p r o c e s s e s  c an  o n ly  be  s to p p e d  a t  t h o s e  p o i n t s  i n  
t h e i r  e x e c u t i o n  where t h e i r  s t a t e  i s  w e l l  known. I t  i s  a l s o  im p o r ta n t  
t h a t  m e ssa g e s  o r  answ ers  d i r e c t e d  to  a s to p p e d  p r o c e s s  be  h a n d le d  
p r o p e r l y .  A s to p p e d  p r o c e s s  s h o u ld  n o t  h o ld  im p o r ta n t  r e s o u r c e s .
The f u n c t i o n  KILL i s  u s e d  to  c o m p le te ly  remove a p r o c e s s  from  t h e  
sy s te m .  The o n ly  p a r a m e te r  to  KILL i s  t h e  name o f  t h e  p r o c e s s  to  be  
k i l l e d .  A m inus one i s  r e t u r n e d  by KILL i f  t h e  p r o c e s s  name i s  n o t  
found i n  t h e  p r o c e s s  t a b l e ;  o t h e r w i s e ,  a  z e ro  i s  r e t u r n e d .  The
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p r o c e d u r e  KILL2 i s  r e c u r s i v e l y  c a l l e d  to  k i l l  t h e  d e s i r e d  p r o c e s s  and 
a l l  o f  i t s  d e s c e n d e n t s .
A p r o c e s s  c a n  b e  k i l l e d  o n ly  i f  i t  i s  on th e  su sp en d ed  l i s t  and i t s  
s to p  b i t  i s  s e t .  I f  t h e s e  c r i t e r i a  a r e  m et ,  KILL2 c a l l s  i t s e l f  
r e c u r s i v e l y  to  k i l l  a l l  c h i l d r e n  o f  t h e  p r o c e s s  c u r r e n t l y  b e in g  
exam ined . Then t h e  p r o c e s s  i s  removed from  t h e  p r o c e s s  t a b l e .  I t s  
s t a c k  and p r o c e s s  c o n t r o l  b l o c k  a r e  r e t u r n e d  to  f r e e  s p a c e  by a c a l l  on 
PUTMEM.
V I. USER SYSTEM ROUTINES
T h e re  a r e  a  number o f  r o u t i n e s  p r o v id e d  to  a s s i s t  sy s te m  and u s e r  
p rog ram s i n  i n p u t / o u t p u t ,  b u f f e r  h a n d l i n g ,  and f i l e  h a n d l i n g .  These  
p r o c e d u r e s  a r e  a l l  l o c a t e d  i n  p ro g ra m  l i b r a r y  z e r o ,  w i t h  t h e  e x c e p t i o n  
o f  t h e  m essage  w r i t e r .  The m essage  w r i t e r  i s  g iv e n  i t s  own p rog ram  
l i b r a r y  num ber, w hich i s  "FC11.^
T e rm in a l  I n p u t
The b a s i c  r o u t i n e  f o r  t e r m i n a l  i n p u t  i s  t h e  f u n c t i o n  RDCH, w hich 
r e t u r n s  one c h a r a c t e r  each  t im e  i t  i s  r e f e r e n c e d .  RDCH f i r s t  does  a V 
on t h e  i n p u t  sem aphore f o r  t h e  a p p r o p r i a t e  t e r m i n a l .  The sem aphore 
c o u n t  c o r r e s p o n d s  to  t h e  number o f  c h a r a c t e r s  i n  t h e  b u f f e r .  The i n p u t  
b u f f e r  i s  im p lem en ted  a s  a c i r c u l a r  b u f f e r  o f  32 b y t e s .  I f  th e  b u f f e r  
i s  empty t h e  p r o c e s s  w i l l  b l o c k .  RDCH e x t r a c t s  t h e  n e x t  c h a r a c t e r  
from  th e  b u f f e r  and r e t u r n s  i t  to  t h e  c a l l e r .
READLINE i s  a  p r o c e d u r e  to  i n p u t  an e n t i r e  l i n e  from  a t e r m i n a l .  
The l i n e  d e l i m i t e r s  a r e  c a r r i a g e  r e t u r n ,  l i n e  f e e d ,  and form  f e e d .  
READLINE has  two p a r a m e t e r s .  The f i r s t  p a r a m e te r  i s  an a r r a y  o f  b y t e s  
t o  c o n t a i n  t h e  i n p u t  l i n e .  The second  p a ra m e te r  i s  a  p o i n t e r  to  t h e  
maximum p o s s i b l e  s i z e  o f  t h e  l i n e .  Upon r e t u r n  from  READLINE, t h e  
second  p a r a m e te r  p o i n t s  to  t h e  a c t u a l  s i z e  o f  th e  l i n e .
C h a r a c t e r s  a r e  i n p u t  from  t h e  t e r m in a l  by c a l l i n g  th e  f u n c t i o n
^ H exadec im al  numbers i n  t h e  t e x t  a r e  e n c lo s e d  by d o u b le  q u o t e s .
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RDCH. I f  t h e  c u r r e n t  c h a r a c t e r  i s  t h e  b a c k s p a c e  c h a r a c t e r ,  t h e  p r e v i o u s  
c h a r a c t e r  i n  t h e  i n p u t  l i n e  i s  d e l e t e d ;  i f  i t  i s  a  c o n t r o l  ‘U’ , th e  
e n t i r e  i n p u t  l i n e  i s  d e l e t e d .  O th e rw is e ,  t h e  c u r r e n t  c h a r a c t e r  i s  added 
to  t h e  i n p u t  l i n e  and a l s o  echoed  on th e  t e r m i n a l .
T e rm in a l  O u tp u t
The b a s i c  r o u t i n e  f o r  t e r m in a l  o u t p u t  i s  t h e  p r o c e d u r e  WRCH. A
/
s i n g l e  c h a r a c t e r  i s  p a s s e d  to  WRCH a s  t h e  p a r a m e t e r .  T h is  c h a r a c t e r  i s  
added  to  t h e  o u t p u t  b u f f e r  o f  t h e  a p p r o p r i a t e  t e r m i n a l  by u s in g  a c a l l  
to  ADD_TO_BUFF.
The t e l e t y p e w r i t e r  t e r m i n a l  r e q u i r e s  c e r t a i n  c o n v e r s io n s  f o r  
s p e c i a l  c h a r a c t e r s .  A v e r t i c a l  ta b  m ust b e  c o n v e r t e d  to  a c a r r i a g e  
r e t u r n  fo l lo w e d  by a l i n e  f e e d .  A h o r i z o n t a l  t a b  m ust be  c o n v e r t e d  to  
t h e  a p p r o p r i a t e  number o f  b l a n k  s p a c e s .  I t  i s  a l s o  h e l p f u l  f o r  e v e ry  
c a r r i a g e  r e t u r n  to  b e  fo l lo w e d  by s e v e r a l  n u l l  c h a r a c t e r s  due to  t h e  
e x t r a  p h y s i c a l  movement r e q u i r e d .
The p r o c e d u r e  ADD_TO_BUFF h a s  two p a r a m e t e r s :  t h e  b a s e  o f  th e  
o u t p u t  b u f f e r  and th e  c h a r a c t e r  t o  b e  added to  t h e  b u f f e r .  ADD__TO_BUFF 
f i r s t  g a in s  c o n t r o l  o f  t h e  b u f f e r  by d o in g  a P on th e  f i r s t  sem aphore i n  
t h e  b u f f e r .  A l l  t h e  c o n t e n t s  o f  an o u t p u t  b u f f e r  a r e  shown i n  T a b le  7 
( p .  2 7 ) .  When th e  b u f f e r  i s  a l r e a d y  f u l l ,  i t  i s  n e c e s s a r y  f o r  t h i s  
p r o c e s s  to  w a i t  u n t i l  a c h a r a c t e r  i s  removed from  t h e  b u f f e r .  Thus t h e  
WAITING_ON_NOT_FULL b i t  w i l l  b e  t u r n e d  on and t h e  f i r s t  sem aphore 
r e l e a s e d .  ADD_TO_BUFF w i l l  t h e n  w a i t  on t h e  n o t  f u l l  c o n d i t i o n  by d o in g  
a P on t h e  second  sem aphore .  When t h i s  sem aphore  i s  r e l e a s e d  by 
GET_FROM_BUFF, t h e  WAITING_ON_NOT_FULL b i t  w i l l  b e  c l e a r e d .
Once t h e  b u f f e r  i s  n o t  f u l l ,  t h e  c h a r a c t e r  w i l l  b e  added to  t h e  
b u f f e r .  The i n p u t  p o i n t e r  i s  moved to  t h e  n e x t  p o s i t i o n  i n  t h e  b u f f e r
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and t h e  n e t  c o u n t  i s  i n c r e m e n te d  by one . ADD_TO_BUFF w i l l  t h e n  V on th e  
f i r s t  sem aphore i n  t h e  b u f f e r  u n l e s s  t h e  WAITING_ON_NOT_EMPTY b i t  i s  
t u r n e d  on. ADD_TO_BUFF w i l l  V on t h e  t h i r d  sem aphore  i n  t h e  l a t t e r  
s i t u a t i o n .
T here  a r e  two p r o c e d u r e s  f o r  w r i t i n g  numbers on a t e r m i n a l .  WRTNUM 
i s  u s e d  f o r  w r i t i n g  d e c im a l  numbers and WRTHEX i s  u s e d  f o r  w r i t i n g  
h e x a d e c im a l  num bers . Both  p r o c e d u r e s  have  one p a r a m e t e r ,  w hich  i s  th e  
number to  b e  w r i t t e n .  WRTHEX w i l l  a lw ays  w r i t e  f o u r  d i g i t s ,  w h i l e  
WRTNUM w r i t e s  o n ly  t h e  number o f  d i g i t s  r e q u i r e d .  The d i g i t s  a r e  
w r i t t e n  by c a l l s  to  WRCH.
WRITES i s  a  p r o c e d u r e  w hich  w r i t e s  a s t r i n g  o f  c h a r a c t e r s  on a 
t e r m i n a l .  The p a r a m e te r  p a s s e d  to  WRITES i s  an a r r a y  o f  c h a r a c t e r s  
d e l i m i t e d  by b ack  s l a s h e s .  T h is  i s  c o m p iled  i n t o  a b y t e  c o u n t  o f  t h e  
number o f  c h a r a c t e r s  fo l lo w e d  by t h e  c h a r a c t e r s  t h e m s e lv e s .  T h is  
p r o c e d u r e  b e g in s  by d e te r m in in g  w hich  p rogram  l i b r a r y  c o n t a i n s  th e  
s t r i n g  to  b e  w r i t t e n .  T h is  i n f o r m a t i o n  can  be  o b t a i n e d  from  t h e  m ost 
r e c e n t  mark on th e  s t a c k .  I f  t h e  p ro g ra m  segm ent h a s  b e e n  swapped o u t  
o f  memory, a s t r i n g  o f  q u e s t i o n  m arks i s  p r i n t e d .  O th e r w is e ,  t h e  
p ro g ram  segm ent c o n t a i n i n g  th e  c h a r a c t e r  s t r i n g  i s  lo c k e d  i n t o  memory 
and th e  c h a r a c t e r s  a r e  p r i n t e d  by r e p e a t e d  c a l l s  to  WRCH. The p rog ram  
segm ent i s  t h e n  r e s t o r e d  to  i t s  p r e v i o u s  s t a t u s .
WRTMES i s  a  v a r i a t i o n  o f  WRITES. The p a r a m e te r  p a s s e d  to  WRTMES i s  
o n ly  a m essage  num ber. The m essag es  a r e  l o c a t e d  i n  t h e  WRTMES program  
segm ent i n s t e a d  o f  t h e  c a l l i n g  p ro g ram  segm en t,  a s  was t h e  s i t u a t i o n  
w i th  WRITES. WRTMES i s  u se d  f o r  many o f  t h e  sy s te m  m e s s a g e s .  T h is  
p r o c e d u r e  f i r s t  s e a r c h e s  f o r  "FC" i n  t h e  PLIBQ and t h e n  l o c k s  i t  i n t o  
memory. A c o u n t  i s  th e n  in c r e m e n te d  by one to  i n d i c a t e  t h e  number o f
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p r o c e s s e s  c u r r e n t l y  w r i t i n g  m essa g e s  to  t e r m i n a l s .  A f t e r  t h e  m essage  i s  
w r i t t e n  by r e p e a t e d  c a l l s  to  WRCH, th e  c o u n t  i s  d e c re m e n te d  by one . I f  
t h e  c o u n t  go es  to  z e r o ,  t h e  WRTMES p rog ram  segm ent i s  u n lo c k e d .
D isk  I n p u t / O u t p u t
D a ta  t r a n s f e r s  b e tw e en  th e  d i s k  and m ain  memory a r e  f a c i l i t a t e d  by 
t h e  p r o c e d u r e  DISKIO. T h is  p r o c e d u r e  h a s  f o u r  p a r a m e t e r s :  mode, d i s k  
a d d r e s s ,  memory a d d r e s s ,  and number o f  b y t e s .  These  p a r a m e te r s  a r e  u se d  
to  b u i l d  a  m essage  b lo c k  w hich  i s  s e n t  t o  t h e  d i s k  d r i v e r .  When th e  
answ er  from  th e  d i s k  d r i v e r  i s  r e c e i v e d ,  t h e  s p a c e  f o r  t h e  m essage  b lo c k  
i s  f r e e d  up .
I f  t h e  answ er  from  t h e  d i s k  d r i v e r  i n d i c a t e s  t h e  d a t a  t r a n s f e r  was 
n o t  done due to  an e r r o r ,  a  m essage  i s  p r i n t e d  on t h e  u s e r ' s  t e r m in a l  
u s in g  a c a l l  t o  WRITES. The e r r o r  code i s  a l s o  p r i n t e d  by a c a l l  to  
WRTHEX. I f  t h e  r u n n e r  i s  n o t  t h e  s c h e d u l e r ,  t h e n  t h e  command 
i n t e r p r e t e r  f o r  t h e  a p p r o p r i a t e  t e r m i n a l  i s  u n b lo c k e d .  T h is  w i l l  c a u s e  
any u s e r  p rog ram  to  b e  s to p p e d  and k i l l e d .  S e r io u s  p ro b le m s  c o u ld  
r e s u l t  i f  t h e  u s e r  p rog ram  was w i t h i n  a c r i t i c a l  s e c t i o n  when i t  was 
s to p p e d .  A f u t u r e  v e r s i o n  o f  t h e  o p e r a t i n g  sy s te m  w i l l  have  to  im prove  
t h i s  s i t u a t i o n .
L in e  P r o c e s s i n g
T here  a r e  s e v e r a l  r o u t i n e s  u s e f u l  f o r  p r o c e s s i n g  a l i n e  o f  
c h a r a c t e r s  t h a t  h as  b e e n  i n p u t  from  t h e  t e r m i n a l  by t h e  p r o c e d u r e  
READLINE. A l l  o f  t h e s e  r o u t i n e s  h av e  two p a r a m e t e r s .  The f i r s t  
p a r a m e t e r  i s  t h e  a r r a y  o f  b y t e s  and t h e  seco n d  i s  a p o i n t e r  to  t h e  in d e x  
w i t h i n  t h e  a r r a y .  T h is  in d e x  i s  u p d a te d  by each  r o u t i n e .
SKIPBLNX i s  a  f u n c t i o n  w hich  ad v a n ce s  t h e  in d e x  p a s t  a l l  l e a d i n g
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b l a n k s .  The in d e x  i s  l e f t  p o i n t i n g  to  t h e  f i r s t  n o n - b la n k  c h a r a c t e r  
a f t e r  t h e  i n i t i a l  l o c a t i o n  o f  t h e  i n d e x .  T h is  c h a r a c t e r  i s  a l s o  
r e t u r n e d  to  t h e  c a l l i n g  p r o c e d u r e .
GETNUM i s  a f u n c t i o n  w hich e x t r a c t s  a d e c im a l  number from th e  l i n e  
and r e t u r n s  i t  to  t h e  c a l l i n g  p r o c e d u r e .  F i r s t  i t  c a l l s  SKIPBLNX to  
s k ip  o v e r  a l l  l e a d i n g  b l a n k s .  The in d e x  i s  l e f t  p o i n t i n g  to  t h e  f i r s t  
n o n -d e c im a l  c h a r a c t e r  on th e  l i n e  a f t e r  t h e  i n i t i a l  l o c a t i o n  o f  t h e  
in d e x .
GETWORD i s  a f u n c t i o n  w hich  e x t r a c t s  e i t h e r  a d e c im a l  o r  a 
h e x a d e c im a l  number from  t h e  l i n e  and r e t u r n s  i t  t o  t h e  c a l l i n g  
p r o c e d u r e .  I f  t h e  f i r s t  n o n - b la n k  c h a r a c t e r  i s  a p e r i o d ,  th e  v a lu e  
r e t u r n e d  i s  t h e  same v a l u e  r e t u r n e d  by th e  f u n c t i o n  GETNUM. O th e rw is e ,  
t h e  number i s  assumed to  b e  h e x a d e c im a l ,  and t h e  d i g i t s  a r e  c o n v e r t e d  
a c c o r d i n g l y .  The in d e x  i s  l e f t  p o i n t i n g  to  t h e  f i r s t  n o n -n u m e r ic  
c h a r a c t e r  on t h e  l i n e  a f t e r  t h e  i n i t i a l  l o c a t i o n  o f  t h e  i n d e x .  Both 
GETNUM and GETWORD w i l l  r e t u r n  a z e r o  i f  t h e  f i r s t  n o n - b la n k  c h a r a c t e r  
i s  n o t  a p e r i o d  o r  an a p p r o p r i a t e  d i g i t .
The f u n c t i o n  RAD50 e x t r a c t s  t h e  c u r r e n t  c h a r a c t e r  from  th e  l i n e  and 
in c r e m e n ts  t h e  in d e x  by o ne . The c h a r a c t e r  i s  c o n v e r t e d  to  a packed  
r e p r e s e n t a t i o n  w here  t h r e e  c h a r a c t e r s  can  be  r e p r e s e n t e d  by two b y t e s .  
C h a r a c t e r s  m ust b e  e i t h e r  a lp h a - n u m e r ic  c h a r a c t e r s ,  a  p e r i o d ,  o r  a 
d o l l a r  s i g n .  A l l  o t h e r  c h a r a c t e r s  a r e  r e p r e s e n t e d  by a z e r o .  The 
c o n v e r t e d  r e p r e s e n t a t i o n  i s  r e t u r n e d  by t h i s  f u n c t i o n .
The p r o c e d u r e  GETNAME p a c k s  t h e  n e x t  s i x  c h a r a c t e r s  i n  t h e  l i n e  
i n t o  a  d o u b le  w ord . T h is  i s  done by r e p e a t e d  c a l l s  to  RAD50. GETNAME 
has  a t h i r d  p a r a m e t e r ,  i n  a d d i t i o n  to  t h e  l i n e  and in d e x  w i t h i n  t h e  
l i n e ,  w hich i s  an  a r r a y  o f  two words to  h o ld  t h e  p ac k ed  name.
V I I .  FILE SYSTEM
The f i l e  sy s te m  u s e d  w i t h  t h i s  o p e r a t i n g  sy s te m  i s  t h e  same a s  t h a t  
u se d  by th e  s i n g l e  u s e r  s y s te m . Each f i l e  h a s  an  e n t r y  i n  t h e  I - n o d e  
t a b l e .  The c o n t e n t s  o f  t h e s e  e n t r i e s  f o r  t h e  d i f f e r e n t  f i l e  ty p e s  a r e  
shown i n  T a b le  9 .  T here  a r e  c u r r e n t l y  t h r e e  ty p e s  o f  f i l e s  i n  u s e :  
p ro g ra m  f i l e s ,  t e x t  f i l e s ,  and d i r e c t o r i e s .  Only p rog ram  f i l e s  may be 
lo a d e d  and e x e c u te d .
TABLE 9 
I-NODE TABLE ENTRY
Word B i t s
P rogram
F i l e
T ex t
F i l e
D ire c  t o r y  
F i l e
0 Owner Owner Owner
1 S t a r t  Addr S t a r t  Addr S t a r t  Addr
2 Leng th End Addr End Addr
3 E n t r y  P o i n t L a s t  B lock  
W r i t t e n
F i l e  Count
4 D a te D ate D ate
5 Use Count Use Count Use Count
6 0 1 '-j P r o t e c t i o n
B i t s
P r o t e c t i o n
B i t s
P r o t e c t i o n
B i t s
6 8-15 F i l e  Type F i l e  Type F i l e  Type
7 Not Used Not Used Not Used
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P o i n t e r s  i n t o  t h e  I - n o d e  t a b l e  a r e  c o n ta i n e d  i n  t h e  d i r e c t o r y  
f i l e s .  A d i r e c t o r y  f i l e  c o n t a i n s  a l i s t  o f  s im p le  names and a 
c o r r e s p o n d in g  l i s t  o f  I - n o d e  num bers . T here  i s  a  o n e - t o - o n e  
c o r r e s p o n d e n c e  b e tw e e n  t h e s e  two l i s t s .  A s im p le  name i s  a s t r i n g  o f
one to  s i x  c h a r a c t e r s .  The name i s  s t o r e d  i n  i t s  p a c k ed  RAD50
r e p r e s e n t a t i o n ,  t h u s  t h e  o n ly  a l l o w a b l e  c h a r a c t e r s  a r e  a lp h a - n u m e r ic  
c h a r a c t e r s ,  a p e r i o d ,  o r  a  d o l l a r  s i g n .
A f i l e  name c o n s i s t s  o f  one o r  more s im p le  nam es, s e p a r a t e d  by 
s l a s h e s .  Each s im p le  name m ust b e  an e n t r y  i n  a  d i r e c t o r y .  The e n t i r e  
f i l e  s t r u c t u r e  can  b e  t h o u g h t  o f  a s  a t r e e ,  w i th  a l l  o f  th e  n o n - t e r m i n a l  
nodes b e in g  d i r e c t o r i e s .  The t e r m i n a l  nodes o f  t h e  t r e e  can  be  any o f  
th e  d i f f e r e n t  f i l e  t y p e s .  The r o o t  d i r e c t o r y  o f  t h e  e n t i r e  s t r u c t u r e  i s  
d e s i g n a t e d  by a s l a s h .
B a s ic  R o u t in e s
T h ere  a r e  t h r e e  b a s i c  r o u t i n e s  u s e d  w i th  t h e  f i l e  sy s te m . They a r e  
GETINFO, GETINUMB, and GETINODE. A l l  a r e  l o c a t e d  i n  p rog ram  l i b r a r y  
number z e r o  w i th  t h e  u s e r  sy s te m  r o u t i n e s .
GETINFO i s  u s e d  to  r e t r i e v e  t h e  I - n o d e  t a b l e  e n t r y  f o r  a f i l e .  The
f i r s t  o f  t h r e e  p a r a m e te r s  f o r  t h i s  p r o c e d u r e  i s  t h e  I - n o d e  number f o r  
t h e  f i l e .  The se co n d  p a r a m e te r  i s  an a r r a y  o f  e i g h t  words t h a t  w i l l  be  
u s e d  to  h o ld  t h e  t a b l e  e n t r y .  The t h i r d  i s  t h e  b a s e  o f  a  tem p o ra ry  
b u f f e r .  GETINFO f i r s t  c a l l s  DISKIO to  r e a d  i n  t h e  d e s i r e d  p a r t  o f  t h e
I - n o d e  t a b l e .  The a p p r o p r i a t e  e n t r y  i s  th e n  t r a n s f e r r e d  to  t h e  empty 
a r r a y .
GETINUMB i s  a f u n c t i o n  w hich  s e a r c h e s  f o r  a s im p le  name i n  a 
d i r e c t o r y  and r e t u r n s  t h e  c o r r e s p o n d in g  I - n o d e  num ber. The t h r e e  
p a r a m e te r s  p a s s e d  to  GETINUMB a r e  t h e  s im p le  name packed  i n  a d o u b le
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word, t h e  d i s k  a d d re s s  o f  t h e  d i r e c t o r y  f i l e ,  and th e  b a s e  o f  a 
te m p o ra ry  b u f f e r .  A n e g a t i v e  one i s  r e t u r n e d  by th e  f u n c t i o n  i n s t e a d  o f  
t h e  I - n o d e  number i f  t h e  s e a r c h  o f  t h e  d i r e c t o r y  f a i l s .
The f u n c t i o n  GETINODE r e t u r n s  t h e  I - n o d e  number f o r  any f i l e  name.
The f i l e  name, s t o r e d  i n  an a r r a y  o f  b y t e s ,  and a p o i n t e r  to  t h e  f i r s t  
c h a r a c t e r  o f  t h e  f i l e  name a r e  two o f  t h e  p a r a m e te r s  to  GETINODE. The 
t h i r d  p a r a m e t e r  i s  t h e  b a s e  o f  a tem p o ra ry  b u f f e r .  GETINODE lo o k s  up 
t h e  f i l e  name i n  t h e  c u r r e n t  d i r e c t o r y .  The I - n o d e  number f o r  th e  
c u r r e n t  d i r e c t o r y  i s  l o c a t e d  i n  t h e  p r o c e s s  c o n t r o l  b l o c k .  However, i f  
t h e  f i l e  name b e g in s  w i th  a s l a s h ,  GETINODE m ust lo o k  up th e  f i l e  name 
i n  t h e  r o o t  d i r e c t o r y  o f  t h e  e n t i r e  sy s te m .
The f o l lo w in g  p r o c e s s  i s  r e p e a t e d  f o r  each  s im p le  name i n  t h e  f i l e  
name. A c a l l  i s  made to  GETINFO to  g e t  t h e  I - n o d e  t a b l e  e n t r y  f o r  t h e
p r e s e n t  f i l e .  I f  i t  i s  n o t  a d i r e c t o r y  f i l e ,  a n e g a t i v e  one i s
r e t u r n e d .  A lso  i f  t h e  p r o t e c t i o n  b i t s  i n d i c a t e  t h e  f i l e  c an  n o t  b e  r e a d  
by th e  c u r r e n t  u s e r  a n e g a t i v e  one i s  r e t u r n e d .  A c a l l  i s  made to  
GETNAME to  g e t  t h e  n e x t  s im p le  name w i t h i n  t h e  f i l e  name. When no name 
i s  fo u n d ,  t h e  f u n c t i o n  i s  done and t h e  p r e s e n t  I - n o d e  number i s  
r e t u r n e d .
I f  a n o th e r  l e v e l  e x i s t s  i n  t h e  f i l e  name, t h e  I - n o d e  number f o r  t h e  
m ost  r e c e n t  s im p le  name i s  o b t a i n e d  by a  c a l l  to  GETINUMB. GETINUMB 
s e a r c h e s  t h e  p r e s e n t  d i r e c t o r y  f i l e  f o r  t h i s  s im p le  name. The d i s k  
a d d r e s s  f o r  t h i s  f i l e  was o b t a i n e d  i n  t h e  e a r l i e r  c a l l  t o  GETINFO 
m e n t io n e d  ab o v e .
A n e g a t i v e  one i s  r e t u r n e d  i f  t h e  s e a r c h  was u n s u c c e s s f u l .  
O th e rw is e ,  a  t e s t  i s  made to  s e e  i f  a  s l a s h  f o l lo w e d  t h e  s im p le  name, 
w hich  w ould  i n d i c a t e  a d d i t i o n a l  l e v e l s  e x i s t  i n  t h e  f i l e  name. I f  t h i s
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i s  t h e  l a s t  l e v e l  i n  t h e  f i l e  name, a c a l l  i s  made to  GETINFO to  o b t a i n  
th e  I - n o d e  t a b l e  e n t r y  f o r  t h e  f i l e .  The p r o t e c t i o n  b i t s  f o r  t h i s  f i l e  
a r e  checked  to  d e te rm in e  i f  t h e  c u r r e n t  u s e r  has  a c c e s s  t o  t h i s  f i l e .
I f  a c c e s s  i s  g r a n t e d ,  t h e  p r e s e n t  I - n o d e  number i s  r e t u r n e d .  O th e rw is e ,  
a  n e g a t i v e  one i s  r e t u r n e d .
F i l e  I n p u t / O u t p u t  Package
A c o l l e c t i o n  o f  I /O  r o u t i n e s  i s  p r o v id e d  w hich  f a c i l i t a t e  s t a n d a r d  
s e q u e n t i a l  f i l e  I /O .  A d a t a  c o n t r o l  b l o c k  i s  a s s o c i a t e d  w i t h  t h e  f i l e  
to  b e  p r o c e s s e d .  The fo rm a t  o f  t h e  d a t a  c o n t r o l  b l o c k  i s  shown i n  T a b le  
10. T h is  d a t a  c o n t r o l  b lo c k  m ust be  i n i t i a l i z e d  b e f o r e  t h e  f i l e  c an  be  
r e a d  o r  w r i t t e n .
The f u n c t i o n  OPEN i s  c a l l e d  to  i n i t i a l i z e  t h e  d a t a  c o n t r o l  b l o c k .  
T h re e  p a r a m e t e r s  m ust b e  p a s s e d  to  t h i s  f u n c t i o n :  t h e  d a t a  c o n t r o l  
b l o c k ,  t h e  l i n e  c o n t a i n i n g  th e  name o f  t h e  f i l e  t o  be  opened , and th e  
mode to  be  u s e d .  The d a t a  c o n t r o l  b l o c k  i s  an a r r a y  o f  e l e v e n  w o rd s .  
Most o f  t h e  v a l u e s  a r e  f i l l e d  i n  by OPEN. The b i t s  i n  t h e  mode f i e l d  
a r e  d e s c r i b e d  i n  T a b le  11.
OPEN f i r s t  c l e a r s  t h e  e n t i r e  d a t a  c o n t r o l  b l o c k .  A b u f f e r  i s  th e n  
a c q u i r e d  by a c a l l  to  GETMEM. An e r r o r  code o f  z e r o  i s  r e t u r n e d  i f  t h i s  
b u f f e r  i s  n o t  a v a i l a b l e .  The I - n o d e  number f o r  t h e  f i l e  i s  o b t a i n e d  by 
a c a l l  to  GETINODE. An e r r o r  code  o f  z e r o  i s  a l s o  r e t u r n e d  i f  t h e  f i l e  
i s  n o t  found  i n  t h e  I - n o d e  t a b l e .  The I - n o d e  t a b l e  e n t r y  i s  o b t a i n e d  by 
a c a l l  to  GETINFO. An e r r o r  code o f  n e g a t i v e  two i s  r e t u r n e d  i f  t h e  
f i l e  i s  n o t  a t e x t  f i l e .
Once t h e  e n t r y  f o r  t h e  t e x t  f i l e  i s  o b t a i n e d ,  t h e  I - n o d e  number and 
t h e  mode a r e  s t o r e d  i n  t h e  d a t a  c o n t r o l  b l o c k .  The s t a r t  a d d r e s s ,  t h e  
end a d d r e s s ,  and t h e  l a s t  b lo c k  w r i t t e n  o f  t h e  f i l e  a r e  c o p ie d  from  th e
TABLE 10
DATA CONTROL BLOCK
Word C o n te n t
0 B u f f e r  B yte  Count
1 B u f f e r  Base
2 B u f f e r  In d ex
3 n o t  u s e d
4 I - n o d e  Number
5 n o t  u s e d
6 S t a r t  A d d ress
7 End A d d re ss
8 C u r r e n t  A d d ress
9 Mode
10 S t a t u s
TABLE 11 
DATA CONTROL BLOCK MODES
B i t  C o n te n t
0 No V e r i f y  /  V e r i f y
1 Read /  W r i t e
2 O v e r w r i t e  /  E x tend  ( f o r  w r i t i n g )
3 B in a ry  /  ASCII
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I - n o d e  t a b l e  e n t r y  i n t o  t h e  d a t a  c o n t r o l  b l o c k .  The b u f f e r  t o  b e  u s e d  
w i th  t h i s  f i l e  i s  c l e a r e d .
I f  t h e  f i l e  i s  b e in g  opened f o r  w r i t i n g ,  t h e  b u f f e r  b y t e  c o u n t  i s  
s e t  t o  256. The p r o t e c t i o n  b i t s  a r e  checked  to  d e te rm in e  i f  t h e  c u r r e n t  
u s e r  h a s  p e r m i s s i o n  to  w r i t e  on t h e  f i l e .  An e r r o r  code o f  n e g a t i v e  
t h r e e  i s  r e t u r n e d  i f  t h e  f i l e  i s  p r o t e c t e d  a g a i n s t  w r i t i n g .  I f  t h e  f i l e  
i s  to  b e  o v e r w r i t t e n  o r  t h e  f i l e  i s  em pty , t h e  c u r r e n t  a d d r e s s  i n  th e  
d a t a  c o n t r o l  b lo c k  i s  s e t  t o  t h e  s t a r t  a d d r e s s .  O th e rw is e ,  t h e  f i l e  i s  
t o  b e  e x te n d e d ,  and th e  c u r r e n t  a d d r e s s  i s  in c r e m e n te d  by one . I f  t h e  
f i l e  i s  b e in g  opened  f o r  r e a d i n g ,  t h e  end a d d r e s s  i n  t h e  d a t a  c o n t r o l  
b lo c k  i s  s e t  to  t h e  c u r r e n t  a d d r e s s  and th e  c u r r e n t  a d d r e s s  i s  s e t  to  
z e r o .
The f i n a l  r e s p o n s i b i l i t y  o f  t h e  f u n c t i o n  OPEN i s  to  s e t  t h e  s t a t u s  
i n  t h e  d a t a  c o n t r o l  b lo c k  to  one and to  r e t u r n  a one .  Both i n d i c a t e  
t h a t  t h e  f i l e  h a s  b e e n  s u c c e s s f u l l y  opened .
I t  i s  im p o r ta n t  t h a t  a l l  opened  f i l e s  b e  c l o s e d  when th e y  a r e  no 
l o n g e r  b e in g  u s e d .  O th e rw is e ,  t h e  sy s te m  w i l l  soon ru n  o u t  o f  b u f f e r s .  
The p r o c e d u r e  CLOSE does w hat i t s  name i m p l i e s .  The b u f f e r  a s s o c i a t e d  
w i th  t h e  f i l e  i s  r e t u r n e d  to  t h e  sy s te m  by a c a l l  t o  PUTMEM and th e  
s t a t u s  i n  t h e  d a t a  c o n t r o l  b lo c k  i s  s e t  to  z e r o .
I f  t h e  f i l e  was opened f o r  w r i t i n g ,  some a d d i t i o n a l  work n e e d s  to  
b e  done . The l a s t  b lo c k  m ust b e  w r i t t e n  o u t  t o  t h e  d i s k  u n l e s s  i t  h a s  
a l r e a d y  b e e n  done . A lso  t h e  l a s t  b l o c k  w r i t t e n  i n  t h e  I - n o d e  t a b l e  
e n t r y  m ust be  u p d a te d  w i th  t h e  c u r r e n t  a d d r e s s  v a lu e  i n  t h e  d a t a  c o n t r o l  
b l o c k .  T h is  i s  done by a c a l l  t o  t h e  p r o c e d u r e  GETINFO, a m o d i f i c a t i o n  
to  t h e  f o u r t h  word i n  t h e  INFO a r r a y ,  and f i n a l l y  a  c a l l  t o  t h e  
p r o c e d u r e  FILLINODE.
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The p r o c e d u r e  FILLINODE u p d a te s  an I - n o d e  t a b l e  e n t r y .  The t h r e e  
p a r a m e te r s  to  t h i s  p r o c e d u r e  a r e  t h e  I -n o d e  num ber, an  a r r a y  o f  e i g h t  
words c o n t a i n i n g  t h e  v a l u e s  f o r  t h e  e n t r y ,  and t h e  b a s e  o f  a tem p o ra ry  
b u f f e r .  FILLINODE c a l l s  DISKIO to  r e a d  i n  t h e  d i s k  b lo c k  c o n t a i n i n g  th e  
a p p r o p r i a t e  e n t r y ,  u p d a te s  t h e  e n t r y ,  and th e n  w r i t e s  t h e  b lo c k  b ack  o u t  
t o  t h e  d i s k .
The a c t u a l  r e a d i n g  and w r i t i n g  o f  t h e  f i l e  i s  done by th e  p r o c e d u r e  
TRANS. T h is  p r o c e d u r e  has  t h r e e  e n t r y  p o i n t s ,  and can  l o g i c a l l y  be  
t h o u g h t  o f  as t h e  p r o c e d u r e s  READ, WRITE, and TRANS. The p a r a m e te r s  f o r  
t h i s  p r o c e d u r e  a r e  t h e  d a t a  c o n t r o l  b l o c k ,  an a r r a y  o f  b y t e s ,  and a 
p o i n t e r  to  t h e  s i z e  o f  t h e  a r r a y .  The on ly  d i f f e r e n c e  b e tw e e n  th e  t h r e e  
e n t r y  p o i n t s  i s  t h a t  READ f i r s t  c h eck s  t o  s e e  t h a t  t h e  f i l e  i s  open f o r  
i n p u t  and WRITE f i r s t  c h e c k s  to  s e e  t h a t  th e  f i l e  i s  open f o r  o u t p u t .
An e r r o r  m essage  i s  w r i t t e n  on t h e  t e r m in a l  by a c a l l  t o  WRTMES i f  t h e  
t e s t  f a i l s .
I f  t h e  f i l e  i s  b e in g  r e a d ,  TRANS w i l l  t r a n s f e r  c h a r a c t e r s  from  i t s  
b u f f e r  to  t h e  l i n e  p a s s e d  by t h e  c a l l i n g  p r o c e d u r e .  T h is  t r a n s f e r  w i l l  
s t o p  when th e  s i z e  p a s s e d  to  t h e  p r o c e d u r e  h a s  b e e n  r e a c h e d  o r  i f  e n d -  
o f - f i l e  i s  fo u n d .  ASCII t r a n s f e r s  i g n o r e  n u l l  c h a r a c t e r s  and w i l l  a l s o  
s to p  when a l i n e  d e l i m i t e r  i s  fo u n d .  The v a l i d  l i n e  d e l i m i t e r s  a r e  
c a r r i a g e  r e t u r n ,  l i n e  f e e d ,  and form  f e e d .  B e fo re  TRANS r e t u r n s  t o  t h e  
c a l l e r ,  t h e  s i z e  o f  t h e  l i n e  i s  s e t  to  t h e  a c t u a l  number o f  b y t e s  
t r a n s f e r r e d  i n t o  t h e  l i n e .
W henever t h e  b u f f e r  becomes em pty , t h e  n e x t  d i s k  b lo c k  w i l l  be  r e a d  
i n t o  t h e  b u f f e r  by a c a l l  t o  DISKIO. The c u r r e n t  a d d r e s s  i n  t h e  d a t a  
c o n t r o l  b lo c k  r e f e r s  to  t h e  d i s k  b lo c k  t h a t  i s  c u r r e n t l y  i n  t h e  b u f f e r .  
The b u f f e r  b y t e  c o u n t  i s  t h e  number o f  b y t e s  i n  t h e  b u f f e r  t h a t  have  n o t
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y e t  b e e n  r e a d ,  w h i l e  t h e  b u f f e r  i n d e x  i s  a  p o i n t e r  t o  t h e  f i r s t  b y t e  i n  
t h e  b u f f e r  t h a t  h a s  n o t  b e e n  r e a d .
I f  t h e  f i l e  i s  b e in g  w r i t t e n ,  TRANS w i l l  t r a n s f e r  c h a r a c t e r s  from  
th e  l i n e  p a s s e d  by th e  c a l l i n g  p r o c e d u r e  to  i t s  b u f f e r .  A l l  t h e  
c h a r a c t e r s  i n  t h e  l i n e ,  as  s p e c i f i e d  by th e  s i z e ,  a r e  t r a n s f e r r e d  i n  
b i n a r y  mode. I n  ASCII mode, t h e  t r a n s f e r  s to p s  a f t e r  t h e  f i r s t  l i n e  
d e l i m i t e r  i s  r e a c h e d  o r  t h e  s i z e  i s  e x h a u s t e d .  N u l l  c h a r a c t e r s  a r e  n o t  
t r a n s f e r r e d  i n  ASCII mode. B e fo re  TRANS r e t u r n s  to  t h e  c a l l e r ,  t h e  s i z e  
o f  t h e  l i n e  i s  s e t  to  t h e  a c t u a l  number o f  b y t e s  t r a n s f e r r e d  from  th e  
l i n e  to  t h e  b u f f e r .
Whenever t h e  b u f f e r  becomes f u l l ,  i t  i s  w r i t t e n  o u t  to  t h e  d i s k  by 
a c a l l  to  DISKIO. The b u f f e r  b y t e  c o u n t  i s  t h e  number o f  b y t e s  i n  t h e  
b u f f e r  t h a t  have  n o t  y e t  b e e n  f i l l e d ,  w h i l e  t h e  b u f f e r  in d e x  i s  a 
p o i n t e r  to  t h e  f i r s t  empty b y te  i n  t h e  b u f f e r .
Two s im p le  r o u t i n e s  a r e  p r o v id e d  f o r  a c q u i r i n g  and r e t u r n i n g  
b u f f e r s .  GETBUF i s  a f u n c t i o n  w hich  r e t u r n s  t h e  b a s e  o f  a  b u f f e r .  I t  
h a s  no p a r a m e te r s  and c a l l s  GETMEM to  a c q u i r e  t h e  b u f f e r .  PUTBUF i s  a 
p r o c e d u r e  w i t h  one p a r a m e t e r ,  w hich  i s  t h e  b a s e  o f  a  b u f f e r .  PUTBUF 
r e t u r n s  t h e  b u f f e r  to  t h e  sy s te m  by a c a l l  t o  PUTMEM.
V I I I .  LOGON AND COMMAND INTERPRETER
A lo g o n  p r o c e s s  i s  c r e a t e d  and s t a r t e d  f o r  each  t e r m i n a l  d u r in g
i n i t i a l i z a t i o n .  A s u c c e s s f u l  lo g o n  r e s u l t s  i n  t h e  c r e a t i o n  and s t a r t  o f
a command i n t e r p r e t a t i o n  p r o c e s s  f o r  t h e  same t e r m i n a l  a s  t h e  p a r e n t .  
When th e  u s e r  ty p e s  ! Q' o r  'QUIT' a s  a  command, t h e  command i n t e r p r e t e r  
i s  s to p p e d  and k i l l e d .  The lo g o n  p r o c e s s  th e n  w a i t s  u n t i l  a n o th e r  u s e r  
s u c c e s s f u l l y  l o g s  on.
Logon P r o c e s s
The lo g o n  p r o c e d u r e  w r i t e s  th e  m essage  "ENTER USERID:" on th e  
t e r m i n a l ,  u s i n g  a c a l l  to  WRTMES. One l i n e  i s  i n p u t  from  t h e  t e r m i n a l .  
T h is  l i n e  i s  p a s s e d  a s  a  p a r a m e te r  to  t h e  f u n c t i o n  FINDID, w hich  w i l l  
r e t u r n  t h e  u s e r ' s  i d e n t i f i c a t i o n  number i f  b o th  t h e  u s e r i d  and p a s sw o rd  
a r e  v a l i d .  O th e rw is e ,  a n e g a t i v e  one w i l l  b e  r e t u r n e d  and th e  lo g o n  
p r o c e s s  w i l l  b e  r e p e a t e d .
The f u n c t i o n  FINDID f i r s t  opens t h e  passw o rd  f i l e  f o r  r e a d i n g .
Then th e  f i l e  i s  s e a r c h e d  u n t i l  an e n t r y  i n  t h e  f i l e  e x a c t l y  m atch es  t h e
u s e r i d  p a s s e d  to  t h i s  f u n c t i o n .  Each e n t r y  i n  t h e  passw o rd  f i l e
c o n s i s t s  o f  t h e  u s e r i d ,  t h e  encoded  p a s sw o rd ,  and t h e  u s e r ' s  num ber, a l l  
s e p a r a t e d  by c o lo n s .
When t h e r e  i s  a  s u c c e s s f u l  u s e r i d  m atc h ,  a c a l l  i s  made to  t h e  
p r o c e d u r e  GETPSWD. T h is  p r o c e d u r e  w r i t e s  a m essage  on t h e  a p p r o p r i a t e  
t e r m i n a l  r e q u e s t i n g  t h a t  t h e  u s e r  e n t e r  h i s  p a s sw o rd .  The passw o rd  
e n t e r e d  on t h e  t e r m in a l  i s  n o t  e c h o ed .  A p a ssw o rd  can  have  a maximum
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l e n g t h  o f  e i g h t  c h a r a c t e r s .
Once t h e  passw ord  h a s  b e e n  c o l l e c t e d  i n  an  a r r a y  o f  b y t e s  i t  i s  
p a s s e d  to  t h e  p r o c e d u r e  ENCODE. ENCODE p e r fo rm s  a number o f  a r i t h m e t i c  
and b i t  s h i f t i n g  o p e r a t i o n s  on t h e  p a ssw o rd  to  c o n v e r t  i t  to  an encoded  
fo rm . I t  would b e  v e r y  d i f f i c u l t  to  d e te r m in e  t h e  p a ssw o rd  from  t h e  
encoded  form .
The encoded  passw ord  i s  r e t u r n e d  to  GETPSWD w hich  c o n v e r t s  i t  to  a 
s t r i n g  o f  p r i n t a b l e  c h a r a c t e r s .  T h is  s t r i n g  o f  c h a r a c t e r s  i s  t h e n  
r e t u r n e d  to  FINDID, w hich  m ust check  t o  s e e  t h a t  t h e  s t r i n g  e x a c t l y  
m a tc h e s  t h e  encoded  p assw o rd  i n  t h e  p assw o rd  f i l e .  A m ism atch  w i l l  
r e s u l t  i n  an  e r r o r  m essage  b e in g  p r i n t e d  on th e  t e r m i n a l  and a n e g a t i v e  
one b e in g  r e t u r n e d  by FINDID. A n e g a t i v e  one i s  a l s o  r e t u r n e d  by FINDID 
i f  t h e  u s e r i d  was n o t  found  i n  t h e  p assw o rd  f i l e .
I f  t h e  encoded  p assw o rd  m a tc h e s  t h e  passw o rd  e n t r y  i n  t h e  c u r r e n t  
f i l e  e n t r y ,  t h e  u s e r ' s  number i s  a l s o  r e t r i e v e d  from  th e  c u r r e n t  e n t r y  
by a c a l l  to  GETWORD. T h is  number i s  r e t u r n e d  to  t h e  lo g o n  p r o c e d u r e .
Once a u s e r  h a s  s u c c e s s f u l l y  e n t e r e d  h i s  u s e r i d  and p a s sw o rd ,  th e  
u s e r i d  i s  c o n v e r t e d  to  a d o u b le  word by a c a l l  t o  GETNAME. A b u f f e r  i s  
o b t a i n e d  by a c a l l  to  GETMEM to  u s e  i n  t h e  c a l l  to  GETINUMB. The 
p a r a m e t e r s  p a s s e d  to  GETINUMB a r e  t h e  u s e r i d  (p a c k e d  i n t o  a d o u b le  
w o rd ) ,  t h e  I - n o d e  number o f  t h e  d i r e c t o r y  c o n t a i n i n g  a l l  t h e  u s e r  
d i r e c t o r i e s ,  and t h e  b a s e  o f  t h e  b u f f e r  j u s t  a c q u i r e d .  The f u n c t i o n  
r e t u r n s  t h e  d i r e c t o r y  to  b e  u se d  as  t h e  c u r r e n t  d i r e c t o r y .  The b u f f e r  
i s  r e t u r n e d  to  t h e  sy s te m  by a c a l l  t o  PUTMEM. The lo g o n  p r o c e s s  i s  now 
a b l e  t o  c r e a t e  and s t a r t  a command i n t e r p r e t e r .  The command i n t e r p r e t e r  
i s  g iv e n  a s t a c k  o f  "300"  b y t e s  and a p r i o r i t y  o f  t e n .
Once t h e  command i n t e r p r e t e r  h a s  b e e n  s t a r t e d ,  t h e  lo g o n  p r o c e s s
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does a P on i t s  own sem aphore  to  b lo c k  i t s e l f .  Once th e  u s e r  lo g s  o f f ,  
t h e  command i n t e r p r e t e r  w i l l  V on t h i s  sem aphore ,  r e s t o r i n g  th e  logon  
p r o c e s s  to  t h e  r e a d y  s t a t e .  The lo g o n  p r o c e s s  f i n a l l y  s to p s  and k i l l s  
t h e  c u r r e n t  command i n t e r p r e t e r  b e f o r e  p r e p a r i n g  to  lo g o n  th e  n e x t  u s e r .
Command I n t e r p r e t e r
The command i n t e r p r e t e r  u s e s  a  c o lo n  as a  p rom pt c h a r a c t e r .  T h is  
c h a r a c t e r  i s  p r i n t e d  on t h e  t e r m in a l  t o  i n d i c a t e  t h a t  t h e  command 
i n t e r p r e t e r  i s  r e a d y  f o r  t h e  n e x t  command to  b e  e n t e r e d .  The command 
l i n e  i s  r e t r i e v e d  by a c a l l  t o  READLINE. I f  t h e  f i r s t  c h a r a c t e r  i s  an 
'L '  o r  an ' R ' , t h e n  t h e  command i n t e r p r e t e r  p r e p a r e s  to  lo a d  th e  g iv e n  
f i l e .
A b u f f e r  i s  a c q u i r e d  by a c a l l  to  GETMEM to  u s e  w i th  c a l l s  to  
GETINODE and GETINFO. The f i l e  name i s  assum ed to  s t a r t  w i th  t h e  f i r s t  
n o n - b la n k  c h a r a c t e r  a f t e r  t h e  'L '  o r  ' R ' . The c u r r e n t  d i r e c t o r y  i s  
s e a r c h e d  by th e  f u n c t i o n  GETINODE. GETINODE w i l l  r e t u r n  a n e g a t i v e  one 
i f  t h e  f i l e  name i s  n o t  fo u n d .  O th e rw is e ,  i t  w i l l  r e t u r n  t h e  I -n o d e  
number o f  t h e  f i l e .  I f  t h e  f i l e  name i s  n o t  found  i n  t h e  c u r r e n t  
d i r e c t o r y ,  th e n  t h r e e  o t h e r  d i r e c t o r i e s  a r e  s e a r c h e d  i n  t h e  f o l l o w in g  
o r d e r :  /OSPROG, /PROG, and /USER/LIB.
Once th e  I - n o d e  number f o r  t h e  f i l e  i s  fo u n d ,  a c a l l  i s  made to  
GETINFO to  r e t r i e v e  t h e  I - n o d e  e n t r y  f o r  t h e  d e s i r e d  f i l e .  The c o n t e n t s  
o f  an  I - n o d e  e n t r y  a r e  shown i n  T a b le  9 ( p .  3 7 ) .  The f i l e  ty p e  and 
p r o t e c t i o n  b i t s  a r e  checked  to  d e te r m in e  i f  t h e  f i l e  i s  e x e c u t a b l e .  A
m essage  i s  p r i n t e d  i f  t h e  f i l e  i s  n o n - e x e c u ta b l e  and th e  command 
i n t e r p r e t e r  s t a r t s  lo o k in g  f o r  t h e  n e x t  command.
I f  t h e  f i l e  i s  to  b e  im m e d ia te ly  e x e c u te d — i n d i c a t e d  by an 'R '  i n
th e  command l i n e — t h e n  a p rog ram  l i b r a r y  number f o r  t h e  new f i l e  i s
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o b t a i n e d  from  th e  f u n c t i o n  GETPLIB. The d i s k  a d d r e s s  and t h e  l e n g t h  o f  
t h e  f i l e  a r e  t h e  two p a r a m e te r s  p a s s e d  to  t h i s  f u n c t i o n .  GETPLIB f i r s t  
ch eck s  to  s e e  i f  t h e r e  i s  a l r e a d y  an e n t r y  i n  t h e  PLIBQ f o r  t h e  new 
f i l e .  T h is  i s  done by com paring  d i s k  a d d r e s s e s .  The u s e  c o u n t  i s  
in c r e m e n te d  by one i f  a m atch  i s  fo u n d ,  and t h e  p ro g ram  l i b r a r y  number 
to  b e  r e t u r n e d  i s  s e t  to  t h e  number i n  t h e  PLIBQ. Thus i f  b o t h  u s e r s  
w an ted  to  r u n  t h e  e d i t o r  o r  some o t h e r  p ro g ram , t h e r e  would  o n ly  be  one 
copy i n  memory and one e n t r y  i n  t h e  PLIBQ. I f  a p r e - e x i s t i n g  e n t r y  i n  
t h e  PLIBQ i s  n o t  fo u n d ,  a new e n t r y  m ust be  c r e a t e d .  The lo w e s t  
u n a l l o c a t e d  p rog ram  l i b r a r y  number i s  a s s ig n e d  to  t h e  new f i l e .  The 
p ro g ra m  l i b r a r y  number o f  t h e  new f i l e  i s  r e t u r n e d  to  t h e  command 
i n t e r p r e t e r .
The f u n c t i o n  GETWORD i s  th e n  c a l l e d  to  se e  i f  a maximum s t a c k  
l e n g t h  was e n t e r e d  on t h e  command l i n e  a f t e r  t h e  f i l e  name. GETWORD 
w i l l  r e t u r n  a z e ro  i f  no number was fo u n d .  The v a l u e  r e t u r n e d  by 
GETWORD i s  t h e  f i r s t  p a r a m e t e r  t o  t h e  p r o c e d u r e  RUN. The o t h e r  two 
p a r a m e te r s  a r e  t h e  p ro g ram  l i b r a r y  number a l l o c a t e d  to  t h e  p rog ram  to  be  
r u n  and t h e  e n t r y  p o i n t  f o r  t h a t  p ro g ra m .
The p r o c e d u r e  RUN s e t s  t h e  s t a c k  l e n g t h  to  "400"  b y t e s  i f  t h e  s t a c k  
l e n g t h  p a s s e d  to  i t  was l e s s  t h a n  o r  e q u a l  t o  z e r o .  The i n i t i a l  
p r i o r i t y  f o r  a l l  u s e r  p rog ram s i s  e i g h t .  T h is  p r i o r i t y  w i l l  b e  r e d u c e d  
by t h e  t im e r  i n t e r r u p t  r o u t i n e  i f  t h e  p rog ram  does v e r y  l i t t l e  
i n p u t / o u t p u t .  A new p r o c e s s  i s  c r e a t e d  f o r  t h e  u s e r ' s  p rog ram  by  a c a l l  
to  CREATE. T h is  p r o c e s s  i s  t h e n  s t a r t e d  by a c a l l  t o  START. The 
command i n t e r p r e t e r  p r o c e s s  t h e n  does  a P on i t s  p r i v a t e  sem aphore ,  
w h ich  w i l l  c a u se  i t  to  b l o c k .  The m ain  p rogram  c o m p le te  i n t e r r u p t  
p r o c e d u r e  w i l l  V on t h i s  sem aphore when th e  u s e r  p ro g ra m  f i n i s h e s .
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When t h e  command i n t e r p r e t e r  i s  u n b lo c k e d  and r e - s c h e d u l e d ,  i t  w i l l  
s t o p  and k i l l  t h e  u s e r  p ro g ram . F i n a l l y  i t  w i l l  c a l l  PUTPLIB to  f r e e  up 
t h e  p ro g ra m  l i b r a r y  number a l l o c a t e d  to  t h e  d e c e a s e d  u s e r  p ro g ram . 
PUTPLIB s e a r c h e s  t h e  PLIBQ f o r  an e n t r y  w i th  t h e  a p p r o p r i a t e  p rogram  
l i b r a r y  num ber. Once t h e  e n t r y  i s  fo u n d ,  t h e  u s e  c o u n t  i s  d e c re m e n te d  
by one . I f  t h e  u s e  c o u n t  goes  to  z e r o ,  t h e  PLIBQ e n t r y  i s  d e l e t e d  and 
t h e  c o r r e s p o n d in g  e n t r y  i n  t h e  p ro g ram  l i b r a r y  i s  m arked em pty . A f t e r  
t h e  r e t u r n  from  th e  p r o c e d u r e s  PUTPLIB and RUN, t h e  command i n t e r p r e t e r  
w i l l  p r e p a r e  f o r  a new command.
I f  t h e  f i r s t  c h a r a c t e r  i n  t h e  command l i n e  was an  ' L ' , t h e n  th e  
f i l e  i s  n o t  to  be  im m e d ia te ly  e x e c u t e d .  I n s t e a d  i t  w i l l  b e  e x t e r n a l l y  
c a l l e d .  The p ro g ra m  l i b r a r y  number i s  e n t e r e d  on t h e  command l i n e  a f t e r  
t h e  f i l e  name and can  be  o b t a i n e d  by th e  f u n c t i o n  GETWORD. T h is  p rog ram  
l i b r a r y  number i s  t h e  t h i r d  p a r a m e te r  to  th e  p r o c e d u r e  LOAD, w i th  th e  
f i r s t  two p a r a m e t e r s  b e in g  t h e  d i s k  a d d r e s s  and th e  l e n g t h  o f  t h e  f i l e .
The p r o c e d u r e  LOAD f i r s t  s e a r c h e s  t h e  PLIBQ to  check  i f  an e n t r y  
f o r  t h e  d e s i r e d  p ro g ram  l i b r a r y  number a l r e a d y  e x i s t s .  I f  such  an e n t r y  
i s  fo u n d ,  t h e  f i l e  i s  n o t  lo a d e d  and a  m essage  i s  s e n t  to  t h e  u s e r .  
O th e rw is e ,  a new e n t r y  i s  c r e a t e d  i n  t h e  PLIBQ and t h e  c o r r e s p o n d in g  
e n t r y  i n  t h e  p ro g ram  l i b r a r y  i s  i n i t i a l i z e d .  The command i n t e r p r e t e r  
t h e n  p r e p a r e s  f o r  a new command.
The o p p o s i t e  o f  t h e  lo a d  command i s  th e  u n lo a d  command, w hich  i s  
sy m b o l iz e d  by t h e  c h a r a c t e r  ' U ' .  I f  t h e  f i r s t  c h a r a c t e r  i n  t h e  command 
l i n e  was an  ' U ' , t h e n  a c a l l  i s  made to  t h e  f u n c t i o n  GETWORD to  e x t r a c t  
t h e  p ro g ra m  l i b r a r y  number from  t h e  command l i n e .  T h is  number i s  p a s s e d  
t o  t h e  p r o c e d u r e  PUTPLIB, w hich  h a s  a l r e a d y  b e e n  d i s c u s s e d  u n d e r  t h e  RUN 
command.
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One f i n a l  command i s  t h e  q u i t  command, i n d i c a t e d  by t h e  c h a r a c t e r  
1Q1. T h is  command s e r v e s  to  t e r m i n a t e  t h e  command i n t e r p r e t e r  and s t a r t  
up t h e  lo g o n  p r o c e s s .  E x t e r n a l  i n t e r r u p t s  a r e  d i s a b l e d  and t h e  s to p  b i t  
o f  t h e  command i n t e r p r e t e r  i s  t u r n e d  on. Then th e  command i n t e r p r e t e r  
does a  V on t h e  sem aphore  b l o c k i n g  t h e  p a r e n t  lo g o n  p r o c e s s .  T h is  w i l l  
p r e - e m p t  t h e  command i n t e r p r e t e r  and t r a n s f e r  t h e  lo g o n  p r o c e s s  to  t h e  
r e a d y  l i s t .  When th e  lo g o n  p r o c e s s  i s  s c h e d u le d ,  i t  w i l l  s to p  and k i l l  
t h e  command i n t e r p r e t e r .
I f  a  command l i n e  i s  e n t e r e d  w hich  does  n o t  have  a v a l i d  command 
c h a r a c t e r ,  t h e n  a q u e s t i o n  mark i s  p r i n t e d  and t h e  command l i n e  i s  
th row n  away. The command i n t e r p r e t e r  w i l l  t h e n  p r e p a r e  f o r  a  new 
command.
IX. INITIALIZATION
The i n i t i a l i z a t i o n  o f  t h e  o p e r a t i n g  s y s te m  c o n s i s t s  o f  b u i l d i n g  t h e  
r e q u i r e d  d a t a  s t r u c t u r e s ,  c r e a t i n g  and s t a r t i n g  th e  b a s i c  p r o c e s s e s ,  and 
s t a r t i n g  t h e  d e v ic e  c o n t r o l l e r s .  The f i n a l  a c t  o f  t h e  i n i t i a l i z a t i o n  
r o u t i n e  i s  g i v in g  c o n t r o l  to  t h e  s c h e d u l e r .
The i n i t i a l i z a t i o n  r o u t i n e  f i r s t  s a v e s  t h e  p rog ram  l i b r a r y  e n t r y  
c u r r e n t l y  i n  u s e ,  a s  w e l l  a s  t h e  c u r r e n t  d a t e .  O th e rw is e ,  t h e s e  v a lu e s  
would be  l o s t  when t h e  b o t to m  o f  m ain  memory i s  s e t  to  z e r o .  P a r t s  o f  
m a in  memory and v i r t u a l  memory a r e  i n i t i a l l y  s e t  to  z e r o  to  f a c i l i t a t e  
d e b u g g in g .
The f i r s t  m a jo r  t a s k  o f  t h e  i n i t i a l i z i n g  r o u t i n e  i s  to  s e t  up a 
t a b l e  c o n t a i n i n g  f i l e  i n f o r m a t i o n .  The f i l e s  t o  be  u s e d  and t h e i r  
p r o p e r  p rog ram  l i b r a r y  numbers a r e  r e a d  from  th e  f i l e  /PLIBS. Each 
e n t r y ,  d e l i m i t e d  by c a r r i a g e  r e t u r n s ,  c o n s i s t s  o f  t h e  p rogram  l i b r a r y  
num ber, t h e  f i l e  name, a c o n t r o l  w ord , and a comment. The I - n o d e  
e n t r i e s  f o r  each  o f  t h e  f i l e s  a r e  o b t a i n e d  by t h e  r o u t i n e s  GETINODE and 
GETINFO. The d i s k  a d d r e s s  and l e n g t h  o f  a f i l e  a r e  found i n  t h e  I - n o d e  
e n t r y .  T h is  i n f o r m a t i o n  i s  s t o r e d  i n  a t a b l e  w i t h i n  t h e  s t a c k  o f  t h e  
i n i t i a l i z a t i o n  r o u t i n e ,  a lo n g  w i th  t h e  p rog ram  l i b r a r y  number and th e  
c o n t r o l  w ord . I t  i s  t h e n  u s e d  by t h e  i n i t i a l i z a t i o n  r o u t i n e  a s  n e e d e d .
The f i r s t  p rog ram  segm ent t h a t  n e e d s  to  b e  lo a d e d  i n t o  m ain  memory 
i s  t h e  r e s i d e n t  p a r t  o f  t h e  o p e r a t i n g  sy s te m . A s e a r c h  i s  made o f  t h e  
f i l e  t a b l e  j u s t  c r e a t e d  f o r  p ro g ram  l i b r a r y  number "F 8 " .  The f i l e  i s
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r e a d  i n t o  m ain  memory by a c a l l  t o  DISKIO. The d i s k  a d d r e s s  and l e n g t h  
a r e  o b t a i n e d  from th e  f i l e  t a b l e .  The memory a d d r e s s  i s  a lw ays  "4D0". 
A f t e r  t h e  r e a d  o p e r a t i o n  i s  c o m p le te d ,  t h e  p rog ram  l i b r a r y  e n t r y  i s  s e t  
t o  t h e  new p rog ram  segm en t.
The n e x t  s t e p  i s  to  i n i t i a l i z e  t h e  f r e e  s p a c e  l i s t .  The p s e u d o ­
c o n s t a n t  Q i s  s e t  to  p o i n t  to  a f r e e  b lo c k  o f  l e n g t h  z e r o  w hich  i s  
c h a in e d  c i r c u l a r l y  to  a f r e e  b lo c k  a t  t h e  to p  o f  memory. PUTMEM i s  th e n  
c a l l e d  to  f r e e  up w h a te v e r  memory i s  t o  be  i n i t i a l l y  managed by th e  
s y s te m .  I t  i s  im p o r ta n t  t h a t  t h e  f r e e  b lo c k  a t  t h e  to p  o f  memory be  o f  
l e n g t h  z e r o .  Thus t h e  b lo c k  a d j a c e n t  to  t h e  to p  b lo c k  s h o u ld  n e v e r  be 
r e l e a s e d  t o  t h e  sy s te m  by  PUTMEM.
A t t h i s  t im e  a l l  p ro g ram  segm en ts  t h a t  a r e  to  b e  u se d  by th e  
i n i t i a l i z a t i o n  r o u t i n e  m ust b e  lo a d e d  i n t o  m ain  memory. The p r e s e n c e  
b i t  i n  t h e  c o n t r o l  w ord , w hich  i s  b i t  z e r o ,  i s  exam ined  to  d e te r m in e  
w hich  p rog ram  segm en ts  need  to  b e  l o a d e d .  The r e s i d e n t  p a r t  o f  t h e  
o p e r a t i n g  sy s te m  h a s  a l r e a d y  b e e n  lo a d e d ,  so i t  c a n  b e  s k ip p e d .
The d i s k  a d d r e s s  and l e n g t h  o f  t h e  f i l e  a r e  o b t a i n e d  from  th e  f i l e  
t a b l e .  The memory a d d r e s s  f o r  t h e  segm ent i s  o b t a i n e d  by a c a l l  t o  
GETMEM. The a c t u a l  lo a d  i s  done by a c a l l  t o  DISKIO. A f t e r  t h e  lo a d  i s  
c o m p le te d ,  t h e  memory a d d r e s s  i s  saved  i n  b i t s  two to  f i f t e e n  o f  t h e  
c o n t r o l  w ord . T h is  a d d r e s s  w i l l  b e  r e f e r e n c e d  l a t e r  when t h e  p rog ram  
l i b r a r y  and t h e  PLIBQ a r e  s e t  up .
Once a l l  o f  t h e  needed  p ro g ram  segm ents  have  b e e n  lo a d e d ,  a l l  
i n p u t / o u t p u t  d e v ic e s  a r e  s to p p e d  and e x t e r n a l  i n t e r r u p t s  a r e  d i s a b l e d .  
A l l  o f  low memory i s  c l e a r e d  b e f o r e  some o f  t h e  r e s e r v e d  l o c a t i o n s  a r e  
i n i t i a l i z e d ,  such  a s  t h e  b a s e  o f  t h e  i n t e r r u p t  v e c t o r  t a b l e ,  t h e  d a t e ,  
and t h e  maximum d e v ic e  num ber.
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The p ro g ra m  l i b r a r y  i s  f i r s t  i n i t i a l i z e d  by t u r n i n g  on a l l  t h e  
a t t e n t i o n  b i t s  f o r  each  e n t r y .  Then th e  p rog ram  l i b r a r y  e n t r y  c u r r e n t l y  
i n  u s e ,  w hich  h as  b e e n  s a v ed  a t  t h e  s t a r t  o f  t h e  i n i t i a l i z a t i o n  r o u t i n e ,  
i s  r e s t o r e d .  An e n t r y  i n  t h e  p ro g ram  l i b r a r y  i s  a l s o  made f o r  each
e n t r y  i n  t h e  f i l e  t a b l e .  The p ro g ram  l i b r a r y  num ber, memory a d d r e s s ,
and p r e s e n c e  b i t  a r e  a l l  o b t a i n e d  from  th e  f i l e  t a b l e .
The PLIBQ i s  a l s o  i n i t i a l i z e d  by m aking a p a s s  th ro u g h  th e  f i l e  
t a b l e .  Each a c t i v e  e n t r y  i n  t h e  p rog ram  l i b r a r y  m ust a l s o  have  an e n t r y
i n  t h e  PLIBQ. E x c e p t  f o r  t h e  f i r s t  e n t r y ,  l o c a t e d  a t  n4C4", sp a ce  f o r
each  e n t r y  i n  t h e  PLIBQ m ust b e  a c q u i r e d  by a c a l l  t o  GETMEM. The
p ro g ra m  l i b r a r y  num ber, d i s k  a d d r e s s ,  and th e  lo c k  and p r e s e n c e  b i t s  a r e
a l l  o b t a i n e d  from  t h e  f i l e  t a b l e .
The a c t i v e  e n t r i e s  i n  t h e  i n t e r r u p t  v e c t o r  t a b l e  a r e  i n i t i a l i z e d  
a c c o r d in g  to  t h e i r  modes a s  shown i n  T a b le  1 ( p .  6 ) .  Space f o r  t h e  r e a d y  
l i s t  i s  a c q u i r e d  by a c a l l  to  GETMEM. The e n t i r e  r e a d y  l i s t  i s  
i n i t i a l l y  s e t  to  z e r o .
I n  o r d e r  to  e n s u r e  t h a t  t h e  s t a c k s  to  b e  lo c k e d  i n  m ain  memory a r e
p l a c e d  i n  t h e  top  o f  memory, a l l  o f  t h e  f r e e  s p a c e  c u r r e n t l y  a v a i l a b l e
i s  a l l o c a t e d .  The to p  o f  memory i s  th e n  r e l e a s e d  f o r  t h e  s t a c k s .  A f t e r  
t h e  d i s k  d r i v e r ,  t h e  t o s s e r ,  and t h e  s t a c k  sw apper have  b e e n  c r e a t e d  and 
t h e i r  s t a c k s  a c q u i r e d ,  t h e  p r e v i o u s l y  f r e e  s p a c e  i s  r e l e a s e d  a g a in .
The d i s k  d r i v e r ,  t h e  t o s s e r ,  and t h e  s t a c k  swapper a r e  c r e a t e d  and 
s t a r t e d  by c a l l s  to  CREATE and START r e s p e c t i v e l y .  A l l  t h r e e  s t a c k s  a r e  
lo c k e d  i n t o  m ain  memory by s e t t i n g  t h e  s t a c k  lo c k  b i t  i n  t h e  p r o c e s s  
c o n t r o l  b l o c k .  A lso  t h e  s to p  b i t  f o r  t h e  s t a c k  sw apper i s  t u r n e d  on to  
p r e v e n t  t h e  s c h e d u l i n g  o f  t h i s  p r o c e s s .  A t e r m in a l  o u t p u t  d r i v e r  and a 
lo g o n  p r o c e s s  a r e  t h e n  c r e a t e d  and s t a r t e d  f o r  each  o f  t h e  t e r m i n a l s .
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Once a l l  o f  t h e  i n i t i a l  p r o c e s s e s  have  b e e n  c r e a t e d  and s t a r t e d ,  
t h e  m ain  memory u se d  by th e  i n i t i a l i z a t i o n  r o u t i n e  i s  r e l e a s e d  to  t h e  
sy s te m  by a c a l l  to  PUTMEM. A lso  t h e  p rogram  l i b r a r y  e n t r y  u s e d  by t h e  
i n i t i a l i z a t i o n  r o u t i n e  i s  c l e a r e d  and th e  a t t e n t i o n  b i t  i s  t u r n e d  on.
A l l  t h e  t e r m in a l  d e v ic e  c o n t r o l l e r s  a r e  s t a r t e d .  F i n a l l y  t h e  i n t e r r u p t  
s t a c k  i s  b u i l t  f o r  t h e  s c h e d u l e r .  The i n i t i a l i z a t i o n  r o u t i n e  resum es to  
t h e  s c h e d u l e r  to  s t a r t  t h e  o p e r a t i n g  sy s te m .
X. STAGES OF DEVELOPMENT
The s o f tw a r e  deve lopm en t e f f o r t  f o r  t h i s  o p e r a t i n g  sy s te m  h as  
c o n s i s t e d  o f  s e v e r a l  s t a g e s .  The f i r s t  s t e p  was to  i n t e g r a t e  e x i s t i n g  
s o f tw a r e  i n t o  one m o du le .  T h is  i n c l u d e d  th e  c o r e  o f  an o p e r a t i n g  
s y s te m , a command i n t e r p r e t e r ,  and a c o l l e c t i o n  o f  u s e r  sy s te m  r o u t i n e s .  
The command i n t e r p r e t e r  was m o d i f i e d  to  b e  c o n s i s t e n t  w i t h  t h e  o p e r a t i n g  
s y s te m . A ls o ,  t e r m i n a l  i n t e r r u p t  p r o c e d u r e s  and o u t p u t  d r i v e r s  were 
added a t  t h i s  t im e .  Memory management c o n s i s t e d  o f  a  s i n g l e  l i n k e d  l i s t  
o f  f r e e  s p a c e .  A command i n t e r p r e t a t i o n  p r o c e s s  was c r e a t e d  and s t a r t e d  
f o r  each  t e r m in a l  by t h e  i n i t i a l i z a t i o n  r o u t i n e .  U se r  p rog ram s were 
lo a d e d  by th e  a t t e n t i o n  i n t e r r u p t  r o u t i n e .  The memory th e y  o c c u p ie d  was 
f r e e d  a f t e r  t h e  p rog ram  was c o m p le te d .  The u t i l i t y  o f  t h i s  sy s tem  was 
r e s t r i c t e d  by th e  l i m i t e d  amount o f  memory a v a i l a b l e .
The seco n d  s t a g e  o f  d e ve lopm en t in v o lv e d  b r e a k i n g  up t h e  s i n g l e  
o p e r a t i n g  sy s te m  m odule  i n t o  s e v e r a l  f u n c t i o n a l  m o d u le s .  The k e r n e l  
c o n t a i n e d  a l l  p r o c e d u r e s  t h a t  were a lw ays  r e q u i r e d  to  b e  r e s i d e n t  i n  
m ain  memory. O th e r  f u n c t i o n a l  m odules  i n c l u d e d  p r o c e s s  c o n t r o l ,  t h e  
command i n t e r p r e t e r ,  and u s e r  sy s te m  r o u t i n e s .  T hese  a d d i t i o n a l  m odules  
c o u ld  be  lo a d e d  a s  needed  by  th e  a t t e n t i o n  i n t e r r u p t  r o u t i n e .  The f u l l  
b e n e f i t s  o f  a f r a g m e n te d  o p e r a t i n g  sy s te m  c o u ld  n o t  b e  r e a c h e d  u n l e s s  a 
r o u t i n e  e x i s t e d  to  remove m odules  from  m ain  memory once  th e y  were no 
l o n g e r  n e e d ed .  Thus t h e  t o s s e r  was added . GETMEM s i g n a l e d  t h e  t o s s e r  
w henever  i n s u f f i c i e n t  memory was a v a i l a b l e  f o r  t h e  c u r r e n t  memory
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r e q u e s t .  The t o s s e r  would t h e n  remove a p rog ram  segm ent from  memory and 
r e l e a s e  t h e  memory i t  o c c u p ie d .
Memory u t i l i z a t i o n  was s t i l l  l i m i t e d  a t  t h i s  s t a g e .  A l th o u g h  a l l  
p ro g ram  segm en ts  c o u ld  b e  removed from  memory, i t  was d i s c o v e r e d  t h a t  
m ain  memory rem a in e d  v e r y  f ra g m e n te d .  T h is  was b e c a u s e  s t a c k s ,  p r o c e s s  
c o n t r o l  b l o c k s ,  and b u f f e r s  were s c a t t e r e d  th r o u g h o u t  memory. The n e x t  
s t a g e  was d e s ig n e d  to  h e lp  im prove t h i s  s i t u a t i o n .  I t  was a t  t h i s  t im e  
t h a t  m ain  memory was d i v i d e d  i n t o  f o u r  t y p e s .  P r e v i o u s l y  o n ly  two ty p e s  
e x i s t e d — memory managed by t h e  o p e r a t i n g  sy s te m  and o t h e r  memory. The 
memory to  b e  managed by t h e  o p e r a t i n g  sy s te m  was now s e p a r a t e d  i n t o  
memory f o r  s m a l l  n o n -sw a p p a b le  b l o c k s  such  as  p r o c e s s  c o n t r o l  b l o c k s  and 
m essag e  b u f f e r s ,  memory f o r  b u f f e r s ,  and memory f o r  p rogram s and s t a c k s .  
Most o f  memory was a l l o c a t e d  to  p rogram s and s t a c k s ,  s i n c e  th e y  r e q u i r e d  
t h e  m o s t .  The t o s s e r  was e x te n d e d  t o  p e r m i t  t h e  swapping o f  s t a c k s  from  
m ain  memory to  v i r t u a l  memory on th e  d i s k .  S t a c k s  were swapped o u t  o f '
memory o n ly  a f t e r  a l l  p rog ram  segm en ts  had  b e e n  removed from  memory.
A n o th e r  sy s te m  p r o c e s s ,  STACKSWAPIN, had  to  b e  added to  swap s t a c k s  b a c k  
i n t o  m ain  memory when th e y  were n e e d e d .  The s c h e d u l e r  was r e s p o n s i b l e  
f o r  a c t i v a t i n g  t h i s  p r o c e s s .
A n o th e r  g o a l  o f  t h i s  f i n a l  s t a g e  was to  add a lo g o n  p r o c e s s .  T h is  
p a r a l l e l e d  t h e  d e ve lopm en t o f  a lo g o n  p r o c e s s  on t h e  s i n g l e  u s e r  
o p e r a t i n g  sy s te m . The lo g o n  p r o c e s s  was now r e s p o n s i b l e  f o r  t h e  
c r e a t i o n  and s t a r t  o f  t h e  command i n t e r p r e t e r .  A lo g o n  p r o c e s s  was 
c r e a t e d  and s t a r t e d  f o r  each  t e r m i n a l  by th e  i n i t i a l i z a t i o n  r o u t i n e .
The m ost  r e c e n t  s t a g e  o f  dev e lo p m en t has  p r o v e d  to  b e  t h e  m ost
d i f f i c u l t .  E r r o r s  w i t h i n  t h e  m ic ro c o d e  c a u se d  th e  m ost d i f f i c u l t y .  I t
was n e c e s s a r y  to  assum e th e  m ic ro c o d e  was c o r r e c t  u n t i l  p ro v e n
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i n c o r r e c t .  The e r r o r s  w i t h i n  t h e  m ic ro co d e  r e l a t e d  t o  s e r v i c i n g  an 
a t t e n t i o n  i n t e r r u p t  w i t h i n  a r e t u r n  i n s t r u c t i o n .  The r e t u r n  i n s t r u c t i o n  
pops  t h e  p r o c e d u r e  mark o f f  t h e  s t a c k .  T h is  mark i n c l u d e s  t h e  p rogram  
p o i n t e r  i n  t h e  p rog ram  segm ent t h a t  i s  b e in g  r e t u r n e d  t o .  T h is  p rogram  
p o i n t e r  was b e in g  l o s t  i f  an a t t e n t i o n  i n t e r r u p t  was g e n e r a t e d .  A new 
r e t u r n  i n s t r u c t i o n ,  s t o r e d  i n  t h e  w r i t a b l e  c o n t r o l  s t o r e ,  was u se d  to  
f i x  t h i s  i n s t r u c t i o n .  I t  was l a t e r  d i s c o v e r e d  t h a t  when t h e  same 
s i t u a t i o n  o c c u r r e d ,  e x c e p t  t h a t  a v a lu e  was a l s o  su pposed  to  be  
r e t u r n e d ,  t h e  p r o p e r  v a l u e  was n o t  r e t u r n e d .  T h is  was a l s o  m o d i f i e d  i n  
w r i t a b l e  c o n t r o l  s t o r e .
The d e ve lopm en t o f  t h i s  o p e r a t i n g  sy s te m  would have  b e e n  v e ry  
d i f f i c u l t  w i t h o u t  t h e  a i d  o f  some debugg ing  t o o l s .  A t t e m p t in g  t o  
d e te r m in e  t h e  s t a t u s  o f  a  m a l f u n c t i o n i n g  o p e r a t i n g  sy s te m  o r  t h e  c a u se  
o f  a  sy s te m  c r a s h  from  t h e  t o g g l e  s w i tc h e s  and t h e  d i s p l a y  on t h e  p a n e l  
was v e r y  t e d i o u s .  Thus s e v e r a l  p rog ram s were w r i t t e n  to  d i s p l a y  th e  
v a r i o u s  d a t a  s t r u c t u r e s  o f  t h e  o p e r a t i n g  sy s te m . However, i t  s h o u ld  be  
n o te d  t h a t  t h e  p a n e l  and b r e a k  s w i tc h e s  were v e ry  im p o r t a n t  i n  t r a c k i n g  
down t h e  e r r o r  i n  t h e  m ic ro c o d e .
The p ro g ram  STATUS d i s p l a y s  t h e  g e n e r a l  s t a t e  o f  t h e  sy s te m . T h is  
i n c l u d e s  t h e  p r o c e s s  name and b a s e  o f  t h e  r u n n e r ,  a l l  p r o c e s s  c o n t r o l  
b l o c k s  a lo n g  w i th  t h e i r  c o r r e s p o n d in g  p r o c e s s  names, and t h e  v a l u e s  o f  
a l l  s e m a p h o re s .  A lso  t h e  b a s e  o f  t h e  p r o c e s s  c o n t r o l  b l o c k  o f  any 
p r o c e s s  found on th e  r e a d y  l i s t  o r  t h e  su sp en d e d  l i s t  i s  w r i t t e n .
F i n a l l y  t h e  p r o c e s s  number and t h e  m essage  b u f f e r  b a s e  a r e  d i s p l a y e d  f o r  
any m essag es  found on th e  m essage  q u eu e .
The c u r r e n t  memory s i t u a t i o n  can  b e  d e te rm in e d  by r u n n in g  t h e  
p ro g ra m  SPACE. T h is  p ro g ram  d i s p l a y s  t h e  b i tm a p s  f o r  s m a l l  memory and
58
f o r  b u f f e r s .  A lso  t h e  e n t i r e  f r e e  s p a c e  l i s t  i s  p r i n t e d .
I n f o r m a t io n  on t h e  v a r i o u s  p rogram  segm en ts  known to  t h e  sy s te m  i s  
d i s p l a y e d  by t h e  p ro g ram  PLIBQ. T h is  i n f o r m a t i o n  i s  o b t a i n e d  from  b o th  
t h e  PLIBQ and t h e  p ro g ram  l i b r a r y .  The p rog ram  l i b r a r y  number, d i s k  
a d d r e s s ,  and l e n g t h  a r e  d i s p l a y e d  f o r  a l l  p ro g ram  se g m e n ts .  I f  t h e  
segm ent i s  c u r r e n t l y  i n  m ain  memory, t h e  memory a d d r e s s  i s  a l s o  p r i n t e d .  
The d i s p l a y  i n c l u d e s  t h e  s t a t u s  o f  s p e c i a l  b i t s  a s s o c i a t e d  w i th  each  
p ro g ra m  segm en t.  These  a r e  t h e  a t t e n t i o n  b i t ,  t h e  lo c k  b i t ,  t h e  
p r e s e n c e  b i t ,  and t h e  i n  p r o c e s s  b i t .
The c o n t e n t s  o f  t h e  t e r m i n a l  i n p u t  and o u t p u t  b u f f e r s  a r e  p r i n t e d  
by t h e  p ro g ram  BUFF. B oth  t h e  h e x a d e c im a l  v a l u e  and t h e  c h a r a c t e r  a r e  
p r i n t e d .  Each c i r c u l a r  b u f f e r  h o ld s  32 c h a r a c t e r s .  Some a d d i t i o n a l  
v a l u e s  a s s o c i a t e d  w i t h  o u t p u t  b u f f e r s ,  a s  d e s c r i b e d  i n  T a b le  7 ( p .  2 7 ) ,  
a r e  a l s o  d i s p l a y e d .
The s t a c k  f o r  t h e  s c h e d u l e r  o r  f o r  any p r o c e s s  c a n  b e  s e e n  by 
r u n n in g  t h e  p ro g ra m  STACK. T h is  p rog ram  p ro m p ts  t h e  u s e r  w i t h  "STACK 
BASE:". Once t h e  s t a c k  b a s e  i s  e n t e r e d ,  t h e  s t a c k  i s  p r i n t e d .  I f  t h e  
s t a c k  i s  l a r g e r  t h a n  "200"  b y t e s ,  o n ly  t h e  s t a c k  p o i n t e r  i s  p r i n t e d .
When t h i s  p rog ram  i s  ru n  on th e  O n te l  CRT, t h e  s t a c k  m arks a r e  d i s p l a y e d  
w i th  b l a c k  on w h i t e ,  w h i l e  t h e  r e s t  o f  t h e  s t a c k  i s  d i s p l a y e d  w i th  w h i t e  
on b l a c k .  T h is  makes i t  much e a s i e r  to  i n t e r p r e t  t h e  s t a c k .  T h is  
p ro g ram  i s  t h e  b a s i s  f o r  t h e  p ro g ram  STACKS, w hich  d i s p l a y s  a l l  t h e  
s t a c k s  i n  t h e  sy s te m .
The p rog ram  TRIP i s  a s o f t w a r e  t o o l  w hich h a s  a v a r i e t y  o f  u s e s .  
TRIP a l lo w s  t h e  u s e r  to  r e a d  o r  w r i t e  one o r  m ore b y t e s  o f  memory. Thus 
t h e  c o n t e n t s  o f  memory c an  b e  exam ined  much more e f f e c t i v e l y  t h a n  by 
u s i n g  t h e  p a n e l  d i s p l a y .
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A l l  o f  t h e s e  debugg ing  p rog ram s o r i g i n a l l y  assum ed t h a t  t h e  
im p o r t a n t  d a t a  s t r u c t u r e s  f o r  t h e  o p e r a t i n g  sy s te m  rem a in ed  i n  m ain  
memory. A s p e c i a l  b o o t  was w r i t t e n  w hich  e x e c u te d  t h e s e  p ro g ram s i n  t h e  
to p  o f  memory, w hich was n o t  r e l e a s e d  to  t h e  sy s te m  i n  t h e  e a r l y  
v e r s i o n s  o f  t h e  o p e r a t i n g  s y s te m . However, t h e  f i r s t  256 b y t e s  o f  
memory were a lw ays  d e s t r o y e d  when t h e  i n i t i a l  p ro g ram  lo a d  was done .
A b e t t e r  s o l u t i o n  i s  to  dump t h e  e n t i r e  c o n t e n t s  o f  memory o u t  t o  
t h e  d i s k .  T h is  dump i s  i n i t i a t e d  by th e  o p e r a t o r  i n t e r r u p t  and o t h e r  
s p e c i a l  c o n d i t i o n s ,  such  a s  i n s u f f i c i e n t  b u f f e r s  o r  sm a l l  memory. A l l  
t h e  p rog ram s w r i t t e n  to  d i s p l a y  th e  s t a t u s  o f  d i f f e r e n t  a s p e c t s  o f  t h e  
o p e r a t i n g  sy s te m  have  b e e n  m o d i f i e d  t o  s e a r c h  v i r t u a l  memory on t h e  d i s k  
i n s t e a d  o f  m ain  memory. A lso  t h e  p ro g ram  TRIP h a s  b e e n  m o d i f ie d  to  r e a d  
v i r t u a l  memory i n s t e a d  o f  m ain  memory. T h is  p rog ram  h a s  b e e n  renam ed 
VTRIP.
XI FUTURE WORK
The c u r r e n t  v e r s i o n  o f  t h e  o p e r a t i n g  sy s tem  i s  s u f f i c i e n t  f o r  
e x e c u t in g  u s e r  p rogram s i n  a m u lt ip ro g ra m m in g  e n v i r o n m e n t .  However, 
t h e r e  a r e  a number o f  f e a t u r e s  t h a t  would be  b e n e f i c i a l  i n  f u t u r e  
v e r s i o n s  o f  t h i s  sy s te m . Some o f  t h e s e  f e a t u r e s  a r e  d e s ig n e d  to  p r e v e n t  
u s e r  p ro g ram s from  c r a s h i n g  t h e  sy s te m . O th e r  f e a t u r e s  a r e  d e s ig n e d  t o  
p r o v id e  a b e t t e r  e n v iro n m e n t  f o r  t h e  u s e r .
T h e re  i s  no check  f o r  s t a c k  o v e r f lo w  i n  t h e  c u r r e n t  v e r s i o n  o f  t h e  
o p e r a t i n g  sy s te m . The l e n g t h  o f  t h e  c u r r e n t  s t a c k  i s  a lw ays  c o n ta i n e d  
i n  a  h a rd w a re  r e g i s t e r ,  b u t  no u s e  i s  made o f  t h i s  f a c t .  O th e r  members 
o f  t h e  M ic ro d a ta  32 /S  co m p u te r  f a m i ly  u s e  t h e  m ic ro c o d e  to  check  f o r  
s t a c k  o v e r f lo w .  I t  would b e  b e s t  i f  o u r  m ic ro co d e  was m o d i f i e d  t o  
p e r f o r m  t h i s  c h e c k .  An a l t e r n a t i v e  would be  to  check  f o r  s t a c k  o v e r f lo w  
w i t h  a  s o f t w a r e  r o u t i n e .  The c o m p i le r  c o u ld  b e  m o d i f i e d  t o  e m i t  an 
i n v a l i d  i n s t r u c t i o n  any t im e  t h e  s t a c k  would b e  i n c r e a s e d .  The 
u n im p lem en ted  i n s t r u c t i o n  i n t e r r u p t  would t h e n  com pare t h e  s t a c k  p o i n t e r  
t o  t h e  s t a c k  l e n g t h  and s i g n a l  o v e r f lo w  i f  t h e  p o i n t e r  e x ceed ed  th e  
l e n g t h .
U se r  p rogram s i n  t h e  c u r r e n t  sy s te m  e x e c u te  i n  e x e c u t i v e  mode.
T h is  i s  b e c a u s e  i n p u t / o u t p u t  can  o n ly  b e  p e r fo rm e d  i n  e x e c u t i v e  mode. A 
s u p e r v i s o r  c a l l  r o u t i n e  n e e d s  to  b e  added to  a l lo w  u s e r  p rogram s to  
e x e c u t e  i n  norm al mode. A s u p e r v i s o r  c a l l  w i l l  t h e n  b e  r e q u i r e d  to  
u t i l i z e  s y s te m  s e r v i c e s ,  such  as  i n p u t / o u t p u t .  A fo rm a t  f o r  th e
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p a r a m e t e r  b lo c k  o f  t h e  s u p e r v i s o r  c a l l  w i l l  have  to  b e  e s t a b l i s h e d ,  
a lo n g  w i th  an  i n t e r r u p t  p r o c e d u r e  to  s e r v i c e  t h e  s u p e r v i s o r  c a l l .  The 
u s e  o f  norm al mode w i l l  a l s o  e n s u re  t h a t  u s e r  p ro g ram s o n ly  r e f e r e n c e  
d a t a  i n  t h e i r  s t a c k s .
S in c e  t h i s  i s  d e s ig n e d  to  b e  an i n t e r a c t i v e  s y s te m , i t  would be  
h e l p f u l  i f  a u s e r  c o u ld  su sp en d  a p rog ram  t h a t  was e x e c u t i n g .  One 
im p le m e n ta t io n  would b e  to  have  t h e  b r e a k  c h a r a c t e r  r e s u l t  i n  a  c a l l  to  
STOP. T h is  w i l l  r e q u i r e  a  m o d i f i c a t i o n  o f  t h e  STOP p r o c e d u r e .  A 
p r o c e s s  s h o u ld  n e v e r  b e  s to p p e d  when i t  i s  w i t h i n  a c r i t i c a l  s e c t i o n .  
Thus t h e  p r o c e s s  s h o u ld  b e  a l lo w e d  to  e x e c u t e  u n t i l  i t  l e a v e s  a l l  
c r i t i c a l  s e c t i o n s .  Then i t  may b e  s to p p e d .  A lso  so m e th in g  s h o u ld  be  
done w i th  m essa g e s  i n  p r o g r e s s .  Once t h e  p ro g ram  i s  s to p p e d ,  t h e  u s e r  
s h o u ld  b e  a l lo w e d  to  s p e c i f y  w h e th e r  t h e  p rog ram  i s  to  be  k i l l e d  o r  
r e s t a r t e d .  I n t e r r u p t s  due to  e r r o r  c o n d i t i o n s  c o u ld  a l s o  c a l l  STOP 
a f t e r  th e y  p r i n t  t h e i r  m essage  to  t h e  u s e r .  The u s e r  would t h e n  be  
a l lo w e d  to  d e c id e  w hat c o r r e c t i v e  a c t i o n  s h o u ld  b e  t a k e n .
The KILL p r o c e d u r e  s h o u ld  r e l e a s e  a l l  sy s te m  r e s o u r c e s  h e ld  by th e  
p r o c e s s  to  b e  k i l l e d .  T h is  w i l l  r e q u i r e  t h a t  a r e s o u r c e  l i s t  b e  
i n c l u d e d  i n  t h e  p r o c e s s  c o n t r o l  b l o c k .  A r e s o u r c e  l i s t  w i l l  a l s o  p e r m i t  
a  check  to  d e te r m in e  i f  any o t h e r  p r o c e s s  i s  c u r r e n t l y  u s in g  t h e  d e s i r e d  
r e s o u r c e .
T here  a r e  two p o s s i b l e  m o d i f i c a t i o n s  to  t h e  command i n t e r p r e t e r  
w hich  would im prove t h i s  sy s te m . P a r a m e te r s  s h o u ld  b e  a l lo w e d  to  be  
e n t e r e d  on th e  same l i n e  as  t h e  command. T h is  w i l l  r e q u i r e  t h e  command 
i n t e r p r e t e r  to  t e m p o r a r i l y  s a v e  t h e  p a r a m e t e r s  and t o  p a s s  them to  t h e  
u s e r  p ro g ram  when r e q u e s t e d .
The second  m o d i f i c a t i o n  i s  to  a l l o w  th e  u s e r  to  s t a r t  a  b ack g ro u n d
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jo b  w hich  w i l l  be  g iv e n  a low p r i o r i t y  and w i l l  n o t  r e q u i r e  u s e r  
i n t e r a c t i o n .  A s i m i l a r  f e a t u r e  w ould be  to  a l lo w  m u l t i p l e  p rogram s to  
b e  s t a r t e d  from  t h e  same t e r m i n a l .  Thus t h e  command i n t e r p r e t e r  would 
p rom pt th e  u s e r  f o r  a d d i t i o n a l  commands b e f o r e  t h e  i n i t i a l  command 
f i n i s h e d  e x e c u t i o n .  T h is  f e a t u r e  i s  a v a i l a b l e  on t h e  UNIX t i m e - s h a r i n g  
s y s t e m .   ^ The u s e r  would need  a m ethod to  d i r e c t  i n p u t  to  t h e  d i f f e r e n t  
p ro g ra m s .  A ls o ,  t h e  o u t p u t  from  d i f f e r e n t  p rogram s e x e c u t in g  
c o n c u r r e n t l y  would have  to  b e  d i f f e r e n t i a t e d .
A f i n a l  i d e a  c o n c e r n in g  f u t u r e  work i s  t o  im prove th e  i n p u t / o u t p u t  
s y s te m . T h is  i s  th e  m ost e x t e n s i v e  m o d i f i c a t i o n  s u g g e s t e d ,  and would 
r e q u i r e  a m o d i f i c a t i o n  o f  u s e r  p ro g ra m s .  T h is  m o d i f i c a t i o n  s h o u ld  be  
i n t e g r a t e d  w i th  t h e  a d d i t i o n  o f  s u p e r v i s o r  c a l l s  f o r  t h e  b e s t  sy s te m  
d e s ig n .
The d a t a  c o n t r o l  b lo c k  s h o u ld  b e  r e p l a c e d  w i th  a f i l e  d e s c r i p t o r .  
T h is  f i l e  d e s c r i p t o r  w i l l  b e  r e t u r n e d  to  t h e  u s e r  p rog ram  by t h e  
f u n c t i o n  OPEN. The u s e r  p ro g ram  w i l l  th e n  u s e  t h i s  f i l e  d e s c r i p t o r  to  
r e f e r e n c e  t h e  d e s i r e d  f i l e .  The f i l e  d e s c r i p t o r  i s  u s e d  by th e  
o p e r a t i n g  sy s te m  to  in d e x  i n t o  t h e  p r o c e s s  c o n t r o l  b l o c k  to  g e t  t h e  b a s e  
o f  t h e  d a t a  c o n t r o l  b l o c k .  The a d v a n ta g e  o f  t h i s  d e s ig n  i s  t h a t  t h e  
d a t a  c o n t r o l  b lo c k  i s  no l o n g e r  i n  t h e  u s e r ' s  s t a c k ,  s u b j e c t  to  
a c c i d e n t a l  o r  i n t e n t i o n a l  m o d i f i c a t i o n .  The p r o c e d u r e s  CLOSE and READ 
s h o u ld  be  c o n v e r t e d  t o  f u n c t i o n s  w hich  r e t u r n  t h e  s t a t u s  o f  th e  
o p e r a t i o n ,  s i n c e  t h e  d a t a  c o n t r o l  b lo c k  w i l l  no l o n g e r  b e  a v a i l a b l e  to  
th e  u s e r  p ro g ram .
T h ere  s h o u ld  b e  no d i s t i n c t i o n  b e tw e e n  t e r m i n a l  i n p u t / o u t p u t  and
^D ennis  M. R i t c h i e  and Ken Thompson, "The UNIX T im e -S h a r in g  
S y s tem " ,  C om m unications  o f  t h e  ACM 17 ( J u l y  1 9 7 4 ) :3 6 5 -3 7 5 .
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f i l e  i n p u t / o u t p u t .  T e rm in a ls  s h o u ld  b e  t r e a t e d  a s  f i l e s .  Thus t h e r e  
w i l l  be  f i l e  d e s c r i p t o r s  f o r  b o th  t e r m in a l  i n p u t  and t e r m in a l  o u t p u t ,  i n  
a d d i t i o n  to  f i l e  d e s c r i p t o r s  f o r  d i s k  f i l e s .  T h is  d e s ig n  i s  a l s o  
m o t iv a t e d  by th e  UNIX sy s te m , and s h o u ld  be  b e n e f i c i a l  to  u s e r s .
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APPENDIX 
PROGRAM REFERENCE TABLE NUMBERS
PLIB# PRTN P ro c  Name R e tu rn s
0 Getword word
1 Wrch
2 Rdch b y t e
3 R e a d l in e
4 Rad50 word
5 D i s k io
6 Getname
7 G e t in f o
8 Wrtnum
9 W rthex
10 S k ip b ln x word
11 Ge tnum word
12 G e t in o d e word
13 Getinumb word
14 Add to _ b u f f
15 W r i t e s
0 A l lo c word
1 T e s t s e t word
2 Get word
3 F r e e
4 F i l l i n o d e
0 Open word
1 C lo se
2 T ra n s
3 Read
4 W r i te
5 G e tb u f word
6 P u tb u t
Encode
Getpswd
F i n d i d word
Logon











10 F indpcb  word
11 G e t_ f  rom__buff b y t e
T t y  ou t _ d r  iv  e r
C r t o u t _ d r i v e r
D i s k _ d r iv e
Sched
T o s s e r
S ta c k s w a p in
I n t e r r u p t  P ro c s
F9 0 Uniquename word
1 Remove word
2 S t a r t  word
3 S top  word
4 K i l l  word
5 C re a te  word
FA G e t p l i b
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